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CHAPTER  I 


INTRODUCTION 

The  analysis  of  weapon  system  life  cycle  costs  (LCC)  is  an  integral 
part  of  the  decision  making  process  regarding  Air  Force  systems  acquisitions 
(10:1).  Life  cycle  costs,  when  related  to  USAF  aircraft,  consist  of  all  costs 
associated  with  the  Research,  Development,  Test  <5c  Evaluation  (RDT&E), 
Production,  and  Operation  &  Support  (0<5cS)  phases  (10:11).  Defense  procure¬ 
ments  in  1979  totaled  almost  $35  billion  (3:12).  Of  that  amount,  approxi¬ 
mately  45%,  or  almost  $16  billion  were  expended  on  RDTJcE  programs 
(3:102).  The  RDT&E  costs  associated  with  the  F-16  alone  amounted  to  over 
$741  million  over  a  six  year  period  (6). 

Although  the  use  of  life  cycle  cost  analysis  has  been  widespread  it  is 
not  yet  a  finished  and  fully  effective  management  tool.  Many  acquisition 
managers  lack  confidence  in  current  LCC  analysis  techniques  and  are 
uncertain  as  to  their  efficiency.  This  uncertainty  becomes  significant  when 
LCC  analysis  is  used  as  an  aid  in  economic  tradeoff  evaluations  and  in 
funding  decisions  demanding  reliable,  internally  consistent  estimates  of 
absolute  cost  (10:1). 

Cost  estimating  capability  is  only  as  accurate  as  the  infor¬ 
mation  on  which  the  estimates  are  based.  On  some  large, 
complex  development  programs,  the  degree  of  accuracy 
surrounding  an  estimate  may  be  -10%  to  +100%  or  more. 
Decision  makers  must  be  informed  about  the  degree  of 
accuracy  so  that  they  will  not  erroneously  assume  that  an 
estimate  is  accurate  to  within  plus  or  minus  10%  Q:15^ 


Numerous  cost  models  have  been  developed  for  each  phase  of  a 
system's  life  cycle.  However,  the  models  pertaining  to  the  RDT&E  phase 
appear  to  be  limited  in  their  ability  to  accurately  predict  weapon  system 
development  costs.  This  thesis  focuses  on  a  shortcoming  present  in  ail  cost 
models  that  have  been  examined  by  this  thesis  team.  Most  models  place 
heavy  emphasis  on  production  and  O&S  phase  costs,  by  using  parameters 
identified  through  research  of  these  two  phases,  to  form  the  basis  for  the 
models'  cost  estimating  relationships  (CERs).  When  applied  to  aircraft,  the 
research  results  in  parametric  equations  unique  to  each  aircraft  type 
(fighter,  attack,  and  cargo/bomber)  for  the  production  and  O&S  costs 
elements  (i.e.,  the  equation  developed  to  estimate  production  cost  elements 
for  the  F-15  would  be  different  from  that  of  the  C- 141).  However,  separate 
parametric  equations  based  on  aircraft  type  are  not  utilized  to  predict 
RDT&E  costs.  Ail  existing  models  establish  one  CER  equation  that  is  used 
regardless  of  type  aircraft  for  RDT&E  cost  estimates.  That  is,  the  models 
establish  one  algorithm  for  RDT&E  that  is  used  regardless  of  whether  the 
aircraft  is  a  fighter,  attack,  or  cargo/bomber.  Chapter  II  will  examine  and 
discuss  selected  algorithms  in  more  detail. 

Problem  Statement 

Airframe  RDT&E  costs  are  currently  estimated  by  using  one  general 
CER  in  all  existing  models  rather  than  a  unique  CER  for  each  aircraft  type. 
This  practice  may  have  substantial  impact  on  the  accuracy  of  RDT&E  cost 
estimates  and  subsequent  program  funding. 
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Justification  for  Research 


In  the  purview  of  acquisition  managers,  cost  estimating  techniques 
must  be  refined  to  more  accurately  predict  weapon  system  costs.  In  this 
light,  valid  cost  estimating  techniques  should  be  developed  which  reflect  the 
unique  cost  characteristics  for  each  aircraft  type  throughout  each  phase  of 
the  acquisition  process.  Common  sense  dictates  that  RDTicE  cost  equation 
for  a  small  supersonic  fighter  aircraft,  such  as  the  F-16,  should  be  different 
from  the  RDT<5cE  cost  equations  associated  with  a  large  subsonic  aircraft 
such  as  the  C-5.  Any  attempt  to  estimate  RDT&E  costs  for  such  dissimilar 
aircraft  types  using  common  and  general  CERs  is  likely  to  result  in  less 
accurate  cost  projections  than  could  be  obtained  by  using  separate  CERs  for 
each  aircraft  type.  As  an  example,  a  cost  model  developed  by  Grumman 
Corporation  projected  RDT&E  costs  with  general  CERs  that  had  been 
developed  using  fighter,  attack,  and  cargo  airframe  cost  elements.  The 
resulting  estimates  for  airframes  ranged  from  a  30%  underestimate  to  a 
20%  overestimate  (13:208). 

The  base  model  referred  to  throughout  this  thesis  is  the  model 
initially  developed  by  Grumman  in  1976,  as  revised  in  1980.  This  model  is 
one  of  the  most  recently  developed  cost  estimating  tools  and  is  based  on 
data  pertaining  only  to  fairly  recent  procurements.  The  data  base  is 
available  and  has  been  verified  for  accuracy.  Additionally,  the  Grumman 
model  is  useful  for  performing  cost/design  and  performance  trade-offs  due 
to  the  airframe  characteristics  identified  and  included  in  the  model  as  cost 
drivers.  The  Grumman  model  is  reviewed  in  Chapter  II  of  this  thesis. 


Purpose  and  Objective 

This  thesis  is  restricted  to  the  development  of  algorithms  that  are 
structured  for  a  single  design  type  aircraft.  An  attempt  to  develop  separate 
CERs  by  aircraft  type  for  airframe  RDT&E  cost  elements  is  based  on  logical 
cause  and  effect  relationships  between  the  dependent  variables  and  indepen¬ 
dent  variables.  This  logical  relationship  is  supported  by  factor  analysis  and 
multiple  regression  analysis.  The  CERs  that  are  developed  are  statistically 
compared  with  the  base  model  in  order  to  determine  relative  accuracv  in 
predicting  RDT&E  costs. 


Research  Hypotheses 

1)  The  initial  research  hypothesis  proposed  by  this  thesis  is  that  a 
unique  CER  exists  for  each  type  of  airframe  (fighter,  attack,  cargo)  for  the 
RDT&E  phase  of  the  acquisition  process. 

2)  The  second  hypothesis  is  that  the  unique  CERs  more  accurately 
predict  airframe  RDT&E  costs. 


Scope 

An  attempt  is  made  to  develop  CERs  that  pertain  only  to  RDT&E 
airframe  development  costs.  The  CERs  are  developed  based  on  data 
gathered  on  several  fighter,  attack  and  cargo  aircraft,  all  in  the  "A" 
configuration.  The  analysis  is  limited  to  fighter,  attack  and  cargo  because 
of  the  limited  and  insufficient  data  available  on  all  other  aircraft  configur¬ 
ations  (trainer,  bomber,  etc.). 

General  Research  Plan 

This  thesis  research  effort  logically  gathers  data  on  all  three  types  of 
airframe  structures,  groups  the  airframes  by  means  of  correlation  of 
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characteristics  through  the  use  of  factor  analysis,  and  develops  an  algorithm 
for  the  grouped  data  by  using  multiple  regression  analysis.  The  resulting 
CERs  are  then  compared  to  CERs  of  the  base  model  by  using  statistical 
tests  of  significance  and  measures  of  accuracy. 

Support  of  the  thesis  hypotheses  indicates  that  greater  accuracy 
should  be  achieved  by  using  specialized  CERs.  Improved  cost  estimates 
allow  improved  budgeting  by  DoD  and  Congress,  and  decrease  the  chances  of 
cost  overruns  which  may  be  viewed  as  politically  unacceptable  and  ulti¬ 
mately  may  lead  to  cancellation  of  the  program. 
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CHAPTER  II 


LITERATURE  REVIEW 
Introduction 

A  number  of  tools  and  techniques  have  been  developed  for  use  in 
estimating  different  categories  of  weapon  system  costs.  For  many  years 
estimates  of  aircraft  airframe  costs  were  based  primarily  on  weight. 
However,  cost  estimators  have  continuously  searched  for  other  aircraft 
characteristics  that  (1)  will,  in  combination  with  weight,  provide  consis¬ 
tently  accurate  estimates,  (2)  are  logically  related  to  cost,  and  (3)  can  easily 
be  determined  prior  to  actual  design  and  development,  thus  allowing  for 
trade  offs  between  cost  and  performance/physical  characteristics  (8:1). 

Three  of  the  most  popular  methods  currently  used  for  cost  estimating 
are  the  analogy  method,  the  engineered  method,  and  the  parametric  method. 
The  choice  of  which  cost  estimating  method  should  be  used  is  often 
governed  by  the  time  available  for  the  estimating  effort,  the  degree  of 
system  definition  at  the  time  of  the  analysis,  the  kind  and  amount  of  input 
data  available,  and  the  level  of  detail  required  (15:7.3). 

Each  of  the  three  methods  is  described  in  the  following  paragraphs. 

Analogy  (Method 

When  applying  this  method,  estimated  costs  of  the  new  items  are 
derived  from  past  costs  of  items  that  are  at  least  similar  in  all  important 
respects.  The  reasonableness  of  the  quotations  or  prior  prices  must  be 
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established  and  an  allowance  made,  through  use  of  adjustment  factors,  for 
all  differences  between  the  proposed  item  and  the  past  items  used  for 
comparison.  Data  used  for  making  analogous  estimates  is  normally  taken 
from  a  library  of  catalogs  and  historical  records  of  recent  procurements, 
and  includes  information  on  the  specification,  schedule,  and  the  contracting 
environment  in  which  the  item  was  procured  (7:4,  5). 

The  need  to  rely  on  past  procurements  of  similar  items,  based  on  the 
analyst's  judgement,  is  one  disadvantage  to  using  the  analogy  method 
(15:7.5).  A  second  disadvantage  is  that  the  adjustment  factors  used  to 
account  for  differences  are  completely  subjective.  They  are  based  solely  on 
the  analyst's  judgement  regarding  the  magnitude  of  the  differences  between 
the  proposed  item  and  the  past  items  used  for  comparison.  Additionally, 
analogy  models  tend  to  have  limited  usefulness  with  respect  to  design  trade 
off  applications  since  they  ordinarily  compute  costs  as  a  function  of 
parameters  such  as  mean  time  between  failures  and  maintenance  man-hours 
per  flying  hour.  They  do  not  relate  costs  directly  to  performance  and  design 
parameters  and,  therefore,  cannot  be  used  early  in  the  conceptual  phase  of 
development  when  trade  offs  relating  to  performance/design  parameters  are 
usually  made  (1:24). 

Engineered  Cost  Method 

Estimations  made  by  this  method  are  based  on  an  extensive  know¬ 
ledge  of  the  system  characteristics,  requiring  the  cost  analyst  to  have  a 
detailed  knowledge  of  the  system,  the  production  processes,  and  the 
production  organization.  A  total  project  cost  estimate  is  obtained  by 
consolidating  estimates  from  the  various  separate  work  segments  (15:7.5). 
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If  detailed  cost  data  is  available,  the  engineered  cost  method  is 
preferred  for  making  cost  estimations  (15:7.6).  However,  the  required  cost 
detail  is  not  usually  available  early  in  the  development  process,  particularly 
for  DoD  procurements,  making  this  approach  difficult  to  apply  (15:7.5). 
Commonly,  by  the  time  detailed  information  is  at  hand  many  decisions  have 
already  been  made  and  the  choice  among  various  initial  alternative  systems 
has  been  reduced  to  only  a  few  (11:5-8).  In  addition,  the  engineered  cost 
method  is  generally  more  costly  and  time  consuming  than  other  cost 
estimating  techniques.  One  major  defense  firm  has  indicated  that  use  of 
this  method  for  estimating  only  airframe  costs  requires  more  than  4,000 
separate  estimates  (15:7.6). 

Parametric  Cost  Estimating 

When  applying  parametric  cost  estimating  techniques,  the  cost  of  a 
new  item  is  based  on  physical  and  performance  characteristics  as  well  as 
costs  of  previously  procured  items  (7:6).  Through  curve-fitting  techniques, 
system  cost  is  related  to  a  combination  of  system  parameters,  such  as 
physical  dimensions,  weight,  maximum  speed,  etc.  The  relationships  estab¬ 
lished,  in  the  form  of  mathematical  equations,  are  referred  to  as  cost 
estimating  relationships  (CERs),  which  can  be  quite  simple  or  very  complex. 
Normally,  the  dependent  variable  in  a  CER  is  a  cost  element,  such  as 
engineering  labor  hours,  while  the  independent  variables  are  system  para¬ 
meters.  CERs  have  been  developed  to  reflect  RDT&E,  production,  and/or 
operating  and  support  (O&S)  costs.  They  can  be  applied  to  individual 
segments  of  these  costs  or  can  reflect  a  composite  of  them  ail  which  results 
in  a  total  system  cost  (11:5-6). 
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if  detailed  cost  data  is  not  available,  parametric  cost  estimating  is 
preferred  over  other  methods  for  at  least  three  reasons:  (1)  CERs  can  be 
developed  and  used  early  in  the  preliminary  design  stages  of  RDT&E  to 
study  the  effects  of  varying  parameters  on  system  cost,  thus  allowing  cost 
comparisions  of  different  alternative  designs;  (2)  the  relationships  developed 
can  be  used  to  obtain  preliminary  cost  estimates  before  the  details  of  design 
or  O&S  concepts  are  certain;  (3)  they  require  less  input  data  than  engineered 
models  and  can  be  more  easily  used  for  sensitivity  or  parametric  analysis 
(1:26). 

DoD  is  currently  emphasizing  the  utilization  of  design  to  cost  (DTC) 
techniques  in  all  major  weapon  system  acquisition  programs.  DTC  calls  for 
establishing  weapon  system  cost  parameters  that  can  be  translated  into 
"design  to"  requirements.  Ail  R&D,  production,  and  operating  costs  are 
directed  to  be  principal  design  considerations.  The  focus  is  on  practical 
trade  offs  weighing  costs  against  system  capability  and  program  schedule 
requirements  (16:2). 

Of  the  three  cost  estimating  techniques  previously  described,  para¬ 
metric  cost  estimating  best  lends  itself  to  the  implementation  of  DTC  and 
its  inherent  trade  offs  between  cost  and  physical/performance  charac¬ 
teristics  of  a  weapon  system.  In  order  for  DTC  to  be  effectively  applied,  it 
must  be  utilized  early  and  throughout  a  development  program.  Early 
utilization  of  the  engineered  cost  method  is  usually  not  possible  due  to  the 
requirement  for  detailed  cost  data  not  yet  available.  The  analogy  method  is 
also  inappropriate  for  DTC  application  since  the  analogy  models  do  not 
normally  relate  costs  directly  to  performance  and  design  parameters. 
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The  remainder  of  this  chapter  reviews  studies  designed  to  develop 
parametric  cost  estimating  models  with  emphasis  on  their  application  to 
airframe  RDT&E  costs. 

Model  Review 

PRC  547- A.  April  1%7 

One  of  the  early  attempts  at  estimating  airframe  development  and 
production  costs  was  undertaken  by  the  Planning  Research  Corporation.  The 
primary  objective  of  the  study  was  to  develop  suitable  techniques  for  use  in 
cost-effectiveness  studies  and  evaluation  of  contractor  proposals  ( 1 4ivii). 

The  model,  developed  by  use  of  multiple  stepwise  regression,  consists 
of  three  distinct  cost  elements:  direct  manufacturing  labor,  manufacturing 
materials,  and  engineering  and  tooling  (combined  as  one  element).  The 
sample  included  forty-one  aircraft,  both  propeller  driven  and  turbojet, 
dating  as  far  back  as  1940.  The  aircraft  characteristics  used  as  independent 
variables  were  speed,  weight,  and  functions  of  these  (e.g.,  speed  squared) 
(14:11-2). 

The  cost  estimating  methodology  involved  deriving  separate  esti¬ 
mating  equations  for  each  cost  element  at  production  units  10,  30,  100,  and 
300.  These  estimates  are  then  used  to  derive  cost-quantity  curves  to  enable 
cost  estimation  for  any  desired  quantity  (14:111-1).  To  illustrate,  in  order  to 
estimate  the  cost  of  manufacturing  labor  for  aircraft  unit  1,  four  separate 
estimating  equations  were  developed  (one  each  for  quantities  10,  30,  100, 
and  300).  The  estimated  cost  for  manufacturing  labor  (expressed  in  average 
cost  per  airframe)  is  then  plotted  on  logarithmic  graph  paper.  A  "best- fit" 
straight  line  is  then  drawn  through  the  four  points  and  extended  back  to  the 
vertical  axis  to  obtain  an  estimate  of  unit  1  (prototype)  manufacturing  labor 
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costs.  Thus,  twelve  equations  were  developed,  four  for  each  cost  element, 
to  derive  three  cost  estimating  curves. 

2 

The  coefficients  of  determination  (R  )  for  the  CERs  derived  for 
airframe  unit  10  are  listed  below  for  each  cost  element: 

2 

Cost  Element  R 

Manufacturing  Direct  Labor  .8172 

Manufacturing  Materials  .835^ 

Tooling  and  Engineering  .8028 

Although  the  R^  values  appear  significant  it  should  be  remembered 
that  these  values  apply  only  to  the  CERs  developed  for  estimating  the  costs 
of  airframe  unit  10.  It  should  not  be  assumed  that  the  same  coefficient  of 
determination,  an  indication  of  regression  line  fit,  is  applicable  to  estimates 
made  of  airframe  units  other  than  10,  such  as  one  or  two,  which  might  be 
prototype  airframes.  The  study  does  not  attempt  to  develop  separate  cost 
equations  for  prototype  and  production  costs.  Instead,  the  curve-fitting 
technique  previously  described  results  in  "backing-in"  to  the  cost  of  the 
early  airframe  units,  irregardless  of  whether  the  units  are  prototype  or 
production  airframes. 

One  of  the  difficulties  inherent  in  this  study  is  the  heterogeneity  of 
the  sample  used  to  derive  the  CERs.  There  is  no  attempt  to  stratify  the 
data  according  to  aircraft  type  (cargo,  fighter,  attack,  etc).  The  physical 
and  performance  characteristics  of  the  sample  aircraft,  as  well  as  the 
period  of  their  development  and  production,  differ  widely. 
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Rand  Studies 


A  number  of  studies  relating  to  aircraft  cost  estimating  relationships 
have  been  performed  by  the  Rand  Corporation.  Two  of  the  Rand  studies 
which  discuss  airframe  development  costs  are  summarized  in  the  following 
paragraphs. 

R-761-PR,  December  1971.  This  report  presents  separate  CERs  for 
the  following  cost  elements  pertaining  to  airframes:  engineering,  develop¬ 
ment  support,  flight  test  operations,  tooling,  manufacturing  labor,  manufac¬ 
turing  material,  and  quality  control,  as  well  as  a  separate  set  of  equations 
for  prototype  development.  The  CERs  are  expressed  as  exponential 
equations  derived  by  multiple  regression  techniques  which  relate  costs  or 
man-hours  to  aircraft  physical  and  performance  characteristics  (9:1). 

The  equations  were  derived  from  historical  data  on  twenty-nine 
post-World  War  II  military  aircraft,  including  cargo,  tanker,  fighter, 
bomber,  and  training  aircraft,  that  were  produced  in  quantity  for  opera¬ 
tional  military  use.  Most  of  the  aircraft  are  turbojet,  with  a  few  propeller 
types  included,  and  range  in  speed  from  low  subsonic  to  Mach  2.2  (9:1).  The 
majority  of  the  cost  and  hour  data  used  as  dependent  variables  were 
obtained  from  the  contractor.  The  aircraft  physical  and  performance 
parameters  (independent  variables)  found  to  be  most  useful  for  explaining 
variations  in  cost  and  man-hours  are  quantity,  AMPR  weight,  and  maximum 
airspeed  at  optimum  altitude. 

Of  the  twenty-nine  aircraft  included  in  the  data  base,  fourteen  were 
begun  as  prototype  programs,  with  the  remainder  procured  more  or  less 
under  the  concurrency  method.  The  equations  derived  for  prototype 
development  (which  approximates  RDTdcE)  are: 
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Prototype  Engineering  (Total  hours) 


E  =  8.634  A  ,576  S  *856  Q  ‘96° 

P  P 

R2  (unadjusted)  =  .65 

Prototype  Development  Support  (Total  1970  dollars) 

D  =  .065  A  -366  S  2*267  Q  -4S5 
P  P 

R2  (unadjusted)  =  .88 

Prototype  Tooling  (Total  hours) 

T  =  57.335  A  *466  S  ,633  Q  A&2 
P  P 

2 

R  (unadjusted)  =  .60 

Prototype  Manufacturing  (Total  hours) 

L  =  .3019  A  l-366 

P  P 

R2  (unadjusted)  =  .98 

Prototype  Material  (Total  1970  dollars) 

M  =  1.5  A  *383  S  1,213  Q  -«2 
P  P 

R2  (unadjusted)  =  .64 

Where  A  =  AMPR  weight  (lb), 

S  =  maximum  speed  (knots)  at  best  altitude, 

Qp  =  protoype  quantity  (9:29) 
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Separate  relationships  were  not  derived  for  flight  test  costs  or 
quality  control  costs  relating  to  the  RDTicE  phase  in  this  report.  Addition¬ 
ally,  CERs  for  manufacturing  cost  data  were  developed  from  the  entire  data 
set,  including  the  concurrent  procurements,  and  were  not  derived  for  the 
sole  purpose  of  estimating  prototype  airframe  costs. 

This  model  received  criticism  from  its  users  because  of  two  per¬ 
ceived  shortcomings:  (1)  the  only  two  major  explanatory  variables  were 
weight  and  speed;  and  (2)  ail  aircraft  were  lumped  together  rather  than 
treated  as  classes  (e.g.,  fighter,  attack,  cargo,  etc.).  As  a  result  of  this 
criticism,  Rand  initiated  a  study  in  1976  to  produce  a  new  estimating  model. 

R-1693-1-PA&E,  February  1976.  This  study  was  sponsored  by  the 
Office  of  the  Assistant  Secretary  of  Defense  as  part  of  a  research  program 
focused  on  improved  methods  of  estimating  the  development,  procurement, 
and  operating  costs  of  new  weapon  systems.  Generalized  equations  are 
presented  for  estimating  development  and  production  costs  of  aircraft, 
again  primarily  on  the  basis  of  weight  and  speed.  A  separate  equation  is 
provided  for  estimating  prototype  aircraft  development  costs. 

Initially,  16  aircraft  (including  such  antiquities  as  the  B-47,  F3D, 
F-84,  F-86,  and  F-89)  were  used  to  derive  prototype  airframe  estimating 
equations  for  each  major  cost  element.  The  results  were  very  poor 
statistically  and  it  appeared  that  the  equations  were  not  reliable  (8:50). 

The  six  oldest  aircraft  were  deleted  from  the  sample  and  a  second 
attempt  was  made  at  deriving  a  reliable  estimating  equation  for  each  major 
cost  element.  As  shown  in  the  following  table,  the  results  were  again 
statistically  poor  (8:50). 
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Independent  Variable 
Weight  Speed  Quantity 


Cost  Element 

R2 

T-Ratio 

LS*  T-Ratio 

LS 

T-Ratio 

LS 

Engineering  Hours 

.166 

1.027 

.66 

.118 

.09 

— 

— 

Tooling  Hours 

.404 

1.561 

.84  -.334 

.25 

— 

— 

Manufacturing  Hours 

.590 

3.175 

.98 

— 

.62 

.45 

Manufacturing  Material 

.356 

.793 

.55 

— 

1.914 

.90 

Flight-test  Cost 

.189 

.829 

.57 

1.274 

.76 

— 

— 

♦Level  of  significance 

An  equation  was  then  derived  by  combining  the  individual  cost 
elements  and  dealing  with  total  prototype  program  cost.  The  following 
equation  was  obtained: 

TCp  =  1115.4  (wt),35(N)-99 
R2  =  .75 
F  =  10.4 

Where  TCp  =  total  prototype  program  cost  (1973  $) 
wt  =  airframe  unit  weight  (lb.) 

N  =  number  of  prototypes 

The  problem  with  estimating  prototype  development  costs,  according 
to  the  report,  is  that  there  is  little  homogeneity  among  prototype  programs 
(8:49).  The  samples  used  in  this  study  were  not  limited  to  aircraft  developed 
under  a  fly -before -buy  concept.  According  to  the  authors, 

The  problem  is  one  of  definition  and  of  sample  size.  If  we 
define  a  prototype  program  as  one  in  which  the  first  lot 
consists  of  3  aircraft  or  less,  we  clearly  will  include  programs 
in  which  preproduction  costs  are  incurred  in  the  first  lot.  If 
we  define  a  prototype  program  as  one  in  which  no  thought 
whatsoever  is  given  to  production  considerations,  our  sample 
will  dwindle  to  a  very  few  aircraft. ..{}5:4g. 


Although  the  equation  developed  to  estimate  total  prototype  program 
cost  appears  to  approximate  the  cost  of  current  prototype  programs  fairly 
well,  "...this  is  clearly  an  area  in  which  further  research  is  required 

Thus,  no  attempt  was  made  to  group  the  aircraft  by  type  (attack, 
fighters,  cargo,  etc)  when  developing  the  prototype  airframe  cost  equations. 
However,  the  study  did  explore  stratification  when  developing  CERs  for  cost 
elements  other  than  prototype  program  costs.  This  attempt  at  grouping  by 
type  did  not  yield  satisfactory  statistical  results. 

FR-103-USN,  September  1973 

This  report  was  prepared  by  3.  Watson  Noah  Associates,  Inc.,  for  the 
Chief  of  Naval  Operations,  USN.  The  contract  was  originally  awarded  to 
examine  aircraft  R&D  costs,  and  to  derive  CERs  for  their  estimation. 
However,  it  became  apparent  very  early  in  the  effort  that  historical  R«3cD 
costs  would  be  very  difficult  to  isolate  with  a  significant  degree  of 
certainty.  It  was  therefore  decided  that  both  R&D  and  production  costs 
should  be  examined  (12:iii). 

The  data  base  consisted  of  historical  costs  and  characteristics  of 
thirty-five  airframes.  Airframe  costs  were  aggregated  to  include  engin¬ 
eering,  tooling  and  manufacturing  labor,  and  materials  costs  (12:v). 
Although  no  attempt  was  made  to  develop  separate  equations  for  airframe 
RDT&E  costs,  the  costs  were  divided  into  non-recurring  and  recurring  costs. 
The  non-recurring  costs  include  much  of  what  is  commonly  referred  to  as 
RDT&E  costs  and  encompass  the  following  costs: 

1.  Preliminary  design  effort  for  translating  concepts  and  require¬ 
ments  into  specifications  as  well  as  for  modifications  of  existing 
systems. 
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2.  Design  engineering  entailing  the  specification  and  preparation  of 
the  original  set  of  detailed  drawings  for  new  systems  as  well  as 
for  major  modifications  of  existing  systems. 

3.  Tests,  test  spares,  and  mock  ups  regardless  of  when  they  occur 
during  the  program  life. 

4.  All  tooling,  manufacturing,  and  procurement  costs  specifically 
incurred  while  performing  development  or  tests,  except  for  the 
manufacture  of  complete  units  during  the  development  program. 

5.  The  initial  tools  and  all  duplicate  tools  produced  to  permit  the 
designed  production  rate  for  a  program. 

6.  Training  of  service  instructor  personnel. 

7.  Initial  technical  data  and  manuals  preparation  (12:22,  23). 

The  CERs  were  developed  by  using  multiple  regression  analysis  and 

involved  three  major  steps.  First,  a  large  number  of  variables  in  different 

combinations  and  functional  forms  were  screened.  An  examination  of 

2 

conventional  regression  statistics  (t-ratios,  R  ,  standard  errors  of  estimate, 
etc.)  resulted  in  the  elimination  of  several  candidate  variables.  The 
preferred  CER  was  then  developed  and  a  prediction  interval  was  computed. 
As  a  form  of  validation,  the  equation  was  used  to  predict  known  costs  (based 
on  known  characteristics)  for  one  or  more  aircraft  which  had  been  tempor¬ 
arily  excluded  from  the  data  base.  Provided  these  results  proved  satis¬ 
factory,  all  of  the  observations  were  included  in  the  CER  development  and 
the  coefficients  were  re-estimated  (12:44,  45). 
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Screening  of  candidate  variables  which  might  drive  airframe 
non-recurring  costs  resulted  in  selection  of  the  following: 

S  =  Maximum  speed 

A  =  AMPR  weight 

R  =  Ratio  of  gross  take  off  weight  to  AMPR  weight 

T  =  Technology  index 

C  =  Complexity  dummy 

The  technology  index  variable  was  included  to  help  explain  the 
evolutionary  materials  changes  which  have  occurred  in  airframe  manu¬ 
facturing-  The  complexity  dummy  was  included  because  the  CERs  devel¬ 
oped  seriously  underestimated  the  costs  of  four  aircraft  (F-102,  F-106, 
B-58,  and  F-lll).  The  use  of  the  dummy  variable  was  justified  for  these 
aircraft  on  the  basis  that  each  had  a  major  mission  or  performance 
parameter  which  required  significantly  new  and  complex  technology  (12:47, 
48). 

Regression  analysis  resulted  in  the  following  CER  for  predicting 
non-recurring  airframe  costs  (12.66): 

Cost  =  -5.945  +  .006635  +  .05138T  -  1.407 1R  +  6.74926  C 
N  =  32 

R2  =  .847 

No  attempt  was  made  to  develop  separate  CERs  for  each  element  of 
airframe  non-recurring  total  costs.  The  study  did  not  address  grouping  the 
aircraft  by  type;  instead,  the  entire  sample  was  used  to  develop  each  CER. 
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Modular  Life  Cycle  Cost  Model  (MLCCM),  January  1980 

This  model  was  initially  completed  by  Grumman  Aerospace  Corpor¬ 
ation  in  October,  1976.  The  1980  version  is  essentially  the  same  except  the 
model  has  been  updated  to  include  the  most  current  data  available. 

The  MLCCM  is  one  of  the  most  complete  models  yet  developed  with 
regard  to  the  number  and  type  of  cost  elements  included.  The  model  can  be 
used  to  estimate  airframe,  engine,  and  avionics  costs  in  the  RDT&E, 
production,  and  O&S  phases.  Additionally,  CERs  are  available  for  each 
aircraft  type  (fighter,  attack,  and  cargo)  for  the  production  and  O&S 
portions  of  this  model. 

The  data  base  consists  of  cost  elements  and  performance/physical 
characteristics  from  sixteen  different  aircraft,  including  such  recent  pro¬ 
curements  as  the  F-15  and  F-16.  The  cost  elements  used  as  dependent 
variables  for  the  airframe  RDT&E  phase  include:  engineering  labor,  tooling 
labor,  manufacturing  and  quality  control  (Q.C.)  labor,  manufacturing 
materials,  and  other  direct  charges.  The  following  parameters  are  ident¬ 
ified  as  major  RDT&E  airframe  cost  drivers  and  are  used  as  the  dependent 
variables:  ultimate  load  factor  (NZULT),  maximum  mach  number 
(MAXMACH),  total  wetted  area  (TWTAREA),  maximum  takeoff  gross 
weight  (TOGWMAX),  and  number  of  prototype  aircraft  (PROTO)  in  the  first 
buy  (13:59-62).  Both  the  dependent  and  independent  variables  are  defined  in 
Chapter  3  of  this  thesis. 

Using  regression  analysis,  the  following  CERs  for  airframe  RDT&E 
costs  were  developed  from  a  data  base  of  16  aircraft,  including  8  fighters,  4 
cargo,  and  4  attack,  all  in  the  "A"  configuration: 
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1.  Total  Engineering  Labor  (Manhours) 

=  4.7561  (PROTO)'1271  (NZULT)1'7218  (MAXMACH)'39856 

(TWT  ARE  A) 1,2388 

2.  Total  Tooling  Labor  (Manhours) 

=  7.6038  (PROTO)'32201  (NZULT)1'2234  (MAXMACH)'34498 

(TWTAREA)1'2137 

3.  Total  Other  Direct  Changes  (1975  $) 

=  (24.265  X  10"6)  (PROTO)'48268  (NZULT)1'7087  (MAXMACH)'5161 
(TWTAREA)1'2877 

4.  First  Airframe,  Manufacturing  Materials  (1975  $) 

=  (91.699  X  10"6)  (PROTO)'13429  (NZULT)1'0623  (MAXMACH)'41612 
(TOGWMAX)'83621 

5.  First  Airframe,  Manufacturing  and  Q.C.  Labor  (1975  $) 

=  (672.54  X  10"6)  (PROTO)'0846  (NZULT)'88972  (MAXMACH)'99829 
(TOGWMAX)'80029 

(13:60,  61) 

Grumman  did  not  include  values  for  the  coefficient  of  determination 
(R  )  in  the  report.  Thus,  it  is  difficult  to  determine  how  much  of  the 
variation  in  airframe  RDTicE  costs  is  explained  by  the  parameters  chosen  as 
independent  variables.  Although  the  aircraft  were  stratified  according  to 
type  for  estimating  the  production  and  OicS  costs,  this  was  not  done  for  the 
RDT&E  phase.  No  rationale  was  presented  that  explained  why  the  aircraft 
were  not  grouped  by  type  when  dealing  with  airframe  RDTicE  costs. 
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Summary 

Five  studies  designed  to  develop  parametric  cost  estimating  models 
which  accurately  predict  airframe  costs  have  been  discussed.  The  models 
described  were  developed  as  long  ago  as  1967  and  as  recently  as  1976,  with 
updates  as  recent  as  1980.  Each  of  the  models  addresses  airframe  RDT&E 
costs  in  varying  degrees  of  detail.  All  of  the  models  were  developed  by  use 
of  a  multiple  stepwise  regression  using  data  bases  of  varying  sizes,  including 
aircraft  of  late  and  early  vintage.  For  all  but  the  Grumman  MLCCM,  the 
primary  airframe  RDT6cE  cost  drivers  were  identified  as  being  only  speed 
and  weight.  None  of  the  studies  grouped  the  aircraft  by  type  (fighter, 
cargo,  attack)  when  developing  the  CERs  pertaining  to  airframe  RDT<5cE 
costs. 

Cost  estimating  relationships  are  used  not  only  to  estimate  cost 
elements,  but  also  to  make  cost  comparisons  between  various  alternative 
system  designs  through  sensitivity  analysis.  The  identification  and  inclusion 
of  a  greater  number  of  cost  drivers  as  independent  variables  makes  sensi¬ 
tivity  analysis  a  more  viable  tool  when  choosing  between  design  altern¬ 
atives.  For  example,  alternative  A  may  call  for  a  design  ultimate  load 
factor  of  1 1  g's  while  alternative  B  may  require  an  ultimate  load  factor  of  9 
g's.  If  ultimate  load  factor  is  indeed  a  major  cost  driver  (  and  thus  an 
independent  variable  in  the  CER)  then  a  cost  performance  trade-off  analysis 
is  possible  using  the  CER.  However,  if  the  alternatives  being  compared  do 
not  have  significant  differences  in  weight  (and  weight  and  speed  are  the  only 
independent  variables)  then  a  cost/performance  trade-off  analysis  is  not  as 
easily  performed. 
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The  data  base  used  in  each  study  was  very  heterogenous  in  nature. 
That  is,  all  aircraft  are  lumped  together  regardless  of  type  as  well  as  their 
period  of  development  and  production  (the  aircraft  included  in  the  Grumman 
MLCCM  are  more  recent  procurements).  This  heterogeneity  makes  the  task 
of  developing  statistically  strong  CERs  a  difficult  one. 

This  thesis  focuses  on  grouping  the  aircraft  by  type  when  developing 
airframe  RDTicE  CERs.  Chapter  III  contains  the  methodology  of  this  thesis, 
including  treatment  of  the  data  base,  as  well  as  the  statistical  methods  used 
in  the  analysis. 
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CHAPTER  III 


METHODOLOGY 

Basic  Methodology 

This  section  constructs  the  logical  flow  of  tasks  that  must  be 
accomplished  to  test  the  stated  hypotheses  that  1)  a  unique  CER  exists  for 
each  type  of  aircraft  airframe  for  the  RDTdcE  phase  of  the  acquisition 
process,  and  2)  the  unique  CERs  provide  more  accurate  cost  estimates  than 
a  single  generalized  CER.  The  data  was  researched  and  collected  for  each 
type  of  aircraft,  but  only  for  the  "A"  configuration  of  that  aircraft.  Some 
cost  models  have  included  the  "A"  configuration  plus  subsequent  configura¬ 
tions,  which  provides  for  a  larger  data  base  but  also  skews  the  analysis 
towards  those  aircraft  with  more  than  the  basic  configuration  involved  in 
the  data  base.  This  practice  can  also  significantly  underestimate  develop¬ 
ment  time  in  terms  of  engineering  hours,  labor  hours,  and  other  direct  costs. 
The  data  was  then  analyzed  with  the  aid  of  factor  analysis.  The  character¬ 
istics  shown  to  be  correlated  by  factor  analysis  indicate  whether  the 
different  types  of  aircraft  airframes  should  be  regressed  together  or 
separately  o  obtain  the  regression  equation.  Based  upon  the  results  of  the 
factor  analysis,  the  variables  were  regre  -d  using  a  step-wise  regression. 
Prior  to  the  regression  analysis  the  variable,  'ere  converted  to  logarithms 
to  provide  the  optimum  log-linear  relationship.  The  first  series  of  regres¬ 
sions  were  run  without  consider 'ng  the  possibility  of  multi-collinearity,  and 
the  resulting  F -value  was  compared  to  the  base  model.  Subsequent 
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regressions  were  accomplished  considering  multi-colineararity  and 
attempted  to  remove  it  by  using  interaction  terms  or  by  eliminating  those 
variables  that  are  highly  correlated  to  variables  already  in  the  regression 
equation.  The  results  of  this  thesis  methodology  were  evaluated  by 
comparing  the  F  values  and  beta  coefficients  of  both  the  thesis  generated 
model  and  the  base  model.  Additionally,  tests  were  performed  on  the  beta 
coefficients  to  determine  the  significance  for  ail  resulting  regressions  and 
the  base  model.  The  analysis  also  developed  confidence  intervals  for  all 
beta  coefficients  to  explore  the  possibility\f  the  beta  value  existing  •  :thin 

x 

the  same  significant  range  of  values  developed  by  the  different  models. 

Data  Base 

Data  are  the  key  ingredients  in  any  analysis.  Accurate  data  ire 
essential  in  the  development  of  any  model  because  the  CERs  are  a  direct 
reflection  of  the  input  parameters.  The  process  of  collecting  data  for  cost 
analysis  has  been  a  difficult  path  to  follow  since  most  contracts  fail  to 
procure  and  document  the  detailed  data  necessary  to  conduct  an  analytical 
study.  To  further  complicate  the  data  collection,  accounting  practices 
differ  from  company  to  company,  and  even  differ  in  the  same  company  over 
a  period  of  years.  Additionally,  strict  definitions  of  terminology  and 
methods  of  data  collection  must  be  used  to  ensure  compatible  data  files. 

The  initial  consideration  for  selection  of  data  is  that  the  data  must 
logically  be  a  determinate  of  what  is  estimated.  Therefore,  data  used  to 
estimate  RDTScE  costs  for  airframes  should  be  factors  of  the  structural 
complexity  of  aircraft  design.  Rand  supports  this  logic  somewhat  in  the 
selection  of  their  model's  independent  variables,  weight  and  speed,  which 
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are  indicators  of  the  structural  design  features  of  the  aircraft.  Further¬ 
more,  independent  structural  design  engineers  indicate  that  any  airframe 
cost  (RDT&E  or  Production)  is  driven  by  the  performance,  size  and  weight 
of  the  particular  aircraft  (4,  6).  Grumman  supports  this  logic  in  the 
development  of  their  own  cost  model  by  developing  CERs  that  use  perform¬ 
ance,  size  and  weight  as  leading  design  parameters  in  estimating  airframe 
costs. 

l 

The  number  of  prototypes  logically  reflect  the  number  of  RDT&E 
manhours  spent  on  tooling  and  manufacturing,  and  the  dollars  spent  on 
RDTdcE  manufacturing  materials.  Additionally,  the  number  of  prototypes 
logically  indicate  the  level  of  manufacturing  facilities  utilized  in  the  initial 
production  of  an  airframe  assembly  (4,  6). 

The  data  used  to  develop  this  thesis  were  collected  by  Air  Force 
Flight  Dynamics  Laboratory  (FXB)  over  a  period  of  several  months  from 
various  sources,  and  were  cross-checked  by  FXB  with  other  sources  to 
ensure  accuracy  and  authenticity.  Additionally,  the  Aeronautical  System 
Division  Comptroller's  office  provided  further  assurance  of  the  data 
accuracy.  The  data  utilized  is  a  subset  of  that  provided  to  Grumman 
Areospace  Corporation  and  therefore  provides  an  excellent  standard  for 
comparing  study  findings.  The  subset  used  pertains  solely  to  aircraft 
airframes,  whereas  the  Grumman  study  entailed  a  study  of  the  total  aircraft 
including  avionics,  engines,  and  aircraft  structure.  The  following  are 
definitions  of  the  design  parameters  utilized  by  Grumman  and  this  thesis  for 
development  of  airframe  structural  CERs. 


Independent  Variables: 

1.  NZULT  -  Ultimate  Load  Range:  3.75  to  12.75  (Number) 

Factor  that  indicates  the  environment  in  which  the  airframe  will 
operate;  a  reflection  of  g-level  necessary  for  operational  effi¬ 
ciency.  A  high  number  indicates  g-loads  encountered  by  fighters 
and  attack  aircraft;  whereas,  a  low  number  indicates  the  envir¬ 
onment  that  is  encountered  by  a  cargo  aircraft. 

2.  MAXMACH  -  Maximum  Mach  Range:  0.54  to  2.30  (Ratio) 

Maxmach  ratio  relates  the  speed  of  the  aircraft  to  the  speed  of 
sound.  Additionally,  it  indicates  increasing  structural  com¬ 
plexity  which  accompanies  the  high  power  levels  and  subsystem 
complexity  necessary  to  achieve  supersonic  flight. 

3.  TWTAREA  -  Total  Wetted  Area  Range:  1200  to  32,900  (FT2) 

Total  wetted  area  relates  to  parasite  drag,  which  in  turn  is  a 
measure  of  the  thrust  required  to  attain  a  given  mach  number 
which  relates  to  airframe  strength.  TWTAREA  also  directly 
measures  the  size  of  the  airframe. 

4.  TOGMAX  -  Maximum  Takeoff  Gross  Weight  Range:  24,500  to 

764,000  (LB). 

Airframe  weight  relates  to  the  cost  of  material  and  the  labor  to 
put  it  in  place  as  well  as  the  maximum  takeoff  gross  weight. 

5.  PROTO  -  Number  of  Prototype  Aircraft  Range:  2  to  42 

Number  in  first  buy 

Proto  is  simply  the  number  of  aircraft  purchased  under  the 
research  and  design  phase  of  the  program.  It  significantly 
influences  tooling,  engineering,  and  manufacturing  labor  (10:62). 


Dependent  Variables: 

1.  ENG  -  Engineering  Labor 

Includes  all  direct  and  overtime  labor  charges  except  premium 
pay,  including  off-site  labor  where  applicable  plus  the  systems 
engineering  and  program  management  required  to  design  and 
analyze  the  airframe  and  provide  liason  for  its  construction. 

2.  TOOL  -  Tooling  Labor 

Includes  all  direct  and  overtime  labor  charges  except  premium 
pay,  including  off -site  labor  where  applicable,  to  provide  tools  to 
manufacture  the  airframe. 
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3.  MANF  -  Manufacturing  Hours 

Includes  all  direct  and  overtime  labor  charges  except  premium 
pay,  including  off-site  labor  where  applicable  to  manufacture  of 
airframe. 

4.  MANMAT  -  Manufacturing  Materials 

Includes  material  to  manufacture  the  airframes  plus  manufac¬ 
turing  and  quality  control,  travel,  relocation  and  premium  pay; 
procured  materials  under  termination;  shipping  charges;  insur¬ 
ance  on  aircraft;  applicable  Government  Furnished  Equipment 
and  Contractor  Furnished  Equipment  material;  and  miscellaneous 
charges. 

5.  ODC  -  Other  Direct  Changes 

Includes  Special  Test  Equipment;  tooling  materials;  travel,  relo¬ 
cation  and  premium  pay  for  engineering  and  tooling  labor. 
(10:60) 

The  data  consists  of  independent  and  dependent  variables  gathered  on 
16  aircraft:  4  attack,  4  cargo,  and  8  fighters.  A  complete  listing  of  the 
data  can  be  found  in  Appendix  A. 

Statistical  Procedures 

The  procedures  utilized  during  this  research  will  be  factor  analysis 
and  regression  analysis.  The  following  is  a  brief  description  of  these 
analyses  and  the  statistical  implications. 

Factor  Analysis 

Factor  analysis  is  a  multivariate  technique  to  reduce  a  number  of 
variables  to  a  few  interpretable  constructs.  Factor  analysis  is  used 
primarily  for  grouping  data  on  a  statistical  basis  and  empirical  clustering  of 
observations.  Simply  stated,  factor  analysis  develops  a  few  constructs  for 
the  total  set  of  observed  variables  based  on  interrelationships.  None  of  the 
variables  are  treated  differently  from  the  others,  as  c  .<  sed  to  multiple 
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regression,  in  which  one  variable  is  considered  the  criterion  (dependent) 
variable  and  all  others  the  predictor  (independent)  variables.  Factor 
analysis  considers  each  of  the  observed  variables  as  a  dependent  variable 
which  is  a  function  (construct)  of  some  underlying,  latent,  and  hypothetical 
factors.  Conversely,  each  factor  can  be  looked  at  as  the  dependent  variable 
which  is  a  function  of  the  observed  variables. 

Factor  analysis  has  some  basic  concepts  and  terminology.  A  factor  is 
a  linear  combination  of  the  observed  variables.  In  other  words, 

F  =  aix1  +  a2x2  +  a3x3  +  ... +  anxn 

In  this  logic,  the  factor  equates  to  the  dependent  variable  (y)  in 
multiple  regression.  The  primary  difference  between  factor  analysis  and 
multiple  regression  is  that  the  total  observed  variables  are  grouped  in  a 
manner  such  that  more  than  one  factor  is  derived.  Therefore,  the  following 
relationship  may  be  developed  using  factor  analysis 

Fl=allxl+a21x2  +  a31x3 

F2  =  a42x4  +  a52x5 

F3  =  a63x6  +  a73x7 

The  above  analysis  develops  a  three  factor  relationship  derived  by 
using  seven  variables.  The  first  factor  consists  of  three  variables  (x^,  x2, 
x3),  the  second  (x^,  x^)  and  the  third  (x^,  x7).  The  important  point  to 
remember  is  that  each  factor  has  coefficients  for  all  seven  variables  in  the 
analysis  but  the  coefficients  may  be  zero  or  close  to  zero.  Factor  analysis 
also  provides  a  predicted  score,  similar  to  a  regression  analysis  estimate  (y), 
for  each  individual  factor  developed,  which  is  called  a  factor  score.  There¬ 
fore, 

Fi  =  alxli  +  a2x2i  +  -  +  anxni 
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Thus,  a  primary  difference  between  regression  and  factor  analysis  is 
that  each  observation  will  be  assigned  as  many  factor  scores  as  there  are 
factors  and  not  just  one  score.  The  factor  scores  are  summarized  in  a 
factor  scores  matrix  for  each  sample  (analysis).  The  factor  score  is 
correlated  with  the  observed  score  for  each  variable,  and  summarized  in  a 
factor  loadings  matrix.  Factor  loading  can  be  described  as  the  correlation 
between  the  scores.  If  there  are  n  variables  and  r  factors,  there  will  be  a 
total  of  (n  x  r)  factor  loadings. 

There  are  three  useful  techniques  to  describe  the  relationship  repre¬ 
sented  by  a  factor  loadings  matrix.  The  first  is  the  eigenvalue,  which  is 

2 

mathematically  identical  to  R  used  in  multiple  regression.  To  obtain  the 
eigenvalue,  square  the  loadings  of  each  factor  and  sum  to  get  a  "sum  of 
squares"  for  each  factor.  Each  eigenvalue  summarizes  a  fraction  of  total 
variance.  In  order  to  obtain  the  variance  explained  by  a  particular  factor, 
its  corresponding  factor  score  sum  of  square  must  be  divided  by  the  number 
of  factors  developed  by  the  analysis.  As  an  example,  if  the  sum  of  squares 
equal  2.68  for  factor  number  3,  and  there  are  six  factors  in  the  factor 
loadings  matrix,  the  variance  explained  by  factor  3  would  be  2.68/6  =  .447  or 
44.7%  of  the  total  variance  is  explained  by  this  factor.  The  second 
technique  is  called  communality  (h  ),  which  represents  the  variance  of  each 
variable  summarized  by  two  factors.  Simply  stated  communality  is  the 
percentage  of  total  variance  which  is  summarized  in  common  factors.  Com¬ 
mon  factors  are  those  factors  which  are  shared  by  at  least  two  variables. 
All  other  factors  are  call  unique  factors.  The  third  technique  involves 
correlation  prediction.  Each  factor  loading  represents  a  correlation 
between  a  variable  and  a  factor.  Therefore,  the  predicted  correlation 
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between  two  variables  can  be  generated  by  multiplying  their  factor  loadings 
on  each  factor  and  summing.  As  an  example,  if  .68  and  .59  are  the  factor 
loadings  for  the  first  factor,  variables  one  and  two,  and  .28  and  .32  are  the 
factor  loadings  for  the  second  factor,  variables  one  and  two,  then  the 
correlation  between  variable  one  and  two  would  equal  (.68  x  .59)  +  (.28  X 
.32)  =  .49. 

Factor  analysis  is  a  multivariate  statistical  technique  which  can  be 
described  as  a  set  of  techniques.  It  is  intended  that  the  preceeding  pages 
merely  describe  the  basis  of  the  procedures  to  be  used  in  this  thesis.  Factor 
analysis  is  utilized  to  justify  the  development  of  separate  cost  equations  for 
the  airframes  of  fighters,  attack  and  cargo.  Conducting  factor  analysis  on 
the  performance  characteristics  of  the  airframe  should  result  in  a  grouping 
of  factors  that  correlate  with  at  least  two  definite  groups,  fighter  and 
cargo.  If  the  above  stated  hypothesis  can  be  statistically  supported,  then 
the  development  of  a  cost  estimating  equation  for  each  different  type  of 
airframe  during  the  RDT&E  phase  of  an  acquisition  would  appear  justified. 
Additionally,  if  attack  airframes  do  not  appear  statistically  different  from 
the  fighter  airframes,  then  one  general  equation  can  be  developed  for  both 
types—  Following  the  factor  analysis  portion  of  the  research,  the  data  is 
regressed  to  develop  CERs  for  each  dependent  variable  based  on  the  factor 
loading  groupings. 

Regression  Analysis 

The  regression  procedure  utilized  in  this  thesis  is  a  linear  multiple 
regression.  This  means  that  the  relationship  between  y  (the  dependent 
variable)  and  each  one  of  the  independent  variables  is  linear  when  expressed 
in  logarithms.  Assuming  linearity,  and  letting  BQ  (Beta)  equal  the 
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y-intercept,  B^  equal  the  slope  of  the  relationship  between  y  and  Xj,  B2 
equal  the  slope  between  y  and  and  so  forth,  until  the  list  of  independent 
variables  is  exhausted  (represented  by  xm),  plus  an  error  term  (e),  yields 
the  resulting  regression  equation: 


y  =  C  +  B1xli  +  B2x2i  + 


+  B  x  • 
m  mi 


The  coefficients  Bj,  B2,  .  .  .  B^  are  called  partial  regression  coefficients, 
since  they  indicate  the  influence  of  each  independent  variable  on  y  with  the 
influence  of  all  other  variables  held  constant. 


There  are  seven  important  assumptions  when  using  multiple  regres¬ 
sion.  They  are: 

Assumption  1.  The  e.  are  all  independent  of  each  of  the  m  indepen¬ 
dent  variables. 


Assumption  2.  The  errors  for  all  possible  sets  of  given  values  x^, 
x2 . xm  are  normally  distributed. 

Assumption  3.  The  expected  value  of  the  error  is  zero  for  all 
possible  sets  of  given  values. 

Assumption  4.  The  variance  of  the  errors  is  constant  for  all  possible 
sets  of  given  values. 

Assumption  5.  Any  two  errors  e.  and  e.  are  independent,  therefore, 
the  covariance  is  kero.  1 


Assumption  6.  None  of  the  independent  variables  is  an  exact  linear 
combination  of  the  other  independent  variables. 

Assumption  7.  The  number  of  observations  (n)  must  exceed  the 
number  of  independent  variables  (m)  by  at  least  two 
(i.e.,  n  -  m  +  2)  5:411,  412  . 

The  procedures  used  in  this  thesis  consist  of  log-linear  step-wise 
regression.  A  statistical  text  book  will  provide  a  more  detailed  explanation 
of  the  regression  procedures  and  statistical  testing.  However,  the  most 
important  aspect  of  regression  analysis  testing  which  is  pertinent  to  this 
thesis  is  explained.  In  order  to  understand  regression  and  the  testing  for 
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significance  the  following  concepts  must  be  understood:  the  sum  of  square 
total  (SST  or  total  variation)  is  equal  to  the  sum  of  square  error  (SSE  or 
unexplained  variation)  plus  the  sum  of  square  regression  (SSR  or  explained 
variation).  This  can  be  written  as: 

SST  =  SSE  +  SSR 

27  (yry)2  =2  fy-fy2  +  ST  (y,  -  y)2 

i=l  1  i=l  1  1  i=l  1 

Where: 

7  =  the  average  value  for  y 

=  the  actual  value  for  the  i  observation 
y.  =  the  predicted  value  to  the  itfl  observation 
This  relationship  provides  the  basis  for  testing  for  the  significance  of  the 
regression  equation.  The  statistical  tests  used  in  this  thesis  are  defined 
below.  These  tests  indicate  the  "goodness  of  fit"  of  the  model  and  establish 
relative  error  bounds  on  predictions. 

Mean  Squared  Error  (MSE)  is  an  unbiased  estimator  of  the  model's 
variance,  and  is  obtained  by  dividing  SSE  by  the  degrees  of  freedom. 

MSE  (yj  -yj)  =  i^k 
n^k 

Where: 

y.  =  dependent  variable 

y^  =  regression  estimate  for  y. 

n  =  number  of  observations 

k  =  number  of  independent  variables 

k+1  =  number  of  parameters  estimated 

SSE  =  sum  of  squares  error. 
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A  small  mean  squared  error  is  desired  and  is  indicative  of  a  good 

estimate  for  y  and  a  small  degree  of  error.  This  can  also  be  stated  as  such: 

a  small  MSE  indicates  that  a  significant  portion  of  the  variance  between  y. 

and  y^  is  explained  by  the  regression  equation. 

2 

The  Coefficient  of  Determination  (R  )  measures  how  well  the  explan¬ 
atory  variables  account  for  the  variations  in  the  actual  cost  data.  The 
2 

coefficient  R  measures  the  proportion  of  total  variance  about  the  mean  of 
y  that  is  explained  by  the  regression. 


R 


2 


n  a  2 

E  <*i  -  *i> 
1=1 _ 

n  , 

E  <yry>2 

i=l  1 


Where: 


SSE  SSR 
'  SIT  =  SST 


y.  =  dependent  variable 

a  ... 

y.  =  regression  estimate  of  y; 

y  =  mean  of  dependent  variable 

SSR  =  sum  of  squares  regression. 

SST  =  sum  of  squares  total 

Ideally,  the  coefficient  of  determination  can  be  written  as: 

r2  _  Explained  Variance 
Total  Variance 


2 

The  value  of  R  lies  between  zero  and  one  and  can  be  directly 
converted  to  the  coefficient  of  correlation  by  taking  the  square-root  of  the 
value.  This  thesis  uses  R^  since  its  interpretation  can  be  better  utilized 
than  can  the  coefficient  of  correlation. 
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Another  useful  statistic  is  Students'  t,  which  is  used  to  determine  the 
significance  of  an  individual  parameter,  and  is  used  in  computing  the 
confidence  intervals  and  prediction  intervals. 

To  test  the  significance  of  an  individual  coefficient  (B.)  in  the 
regression  equation,  a  test  is  used  which  is  similar  to  that  for  the  slope  in 
simple  linear  regression.  The  null  hypothesis,  Hq  :  Bj  =  0,  means  that  the 
variable  Xj  has  no  linear  relationship  with  y,  holding  the  effect  of  the  other 
independent  variables  constant.  The  best  linear  unbiased  estimate  of  B.  is 
the  sample  partial  regression  coefficient  b..  Under  the  assumption  that  the 
error  is  normally  distributed,  the  test  for  the  null  hypothesis  follows  the 
t- distribution  with  n  -  (k  +  1)  degrees  of  freedom 

VBi  =  0 

Then: 


Where: 


H 


B.  = 


^i  = 


Sbi 


Null  hypothesis 

Coefficient  of  the  regression  equation 
Sample  partial  regression  coefficient 
The  amount  of  sampling  error  in  the  regression  coeffi¬ 
cient  b;  which  can  be  written  as: 

1 


SSE 

nTk+1) 


£  (Xj-X)' 

1=1  1 


34 


Where: 


SSE  =  sum  of  squares  error 

n  =  number  of  observations 

k+1  =  number  of  parameters  estimated 

k  =  number  of  independent  variables 

x.  =  independent  variable 

x  =  mean  of  independent  variables 

When  the  generated  value  for  t  exceeds  the  critical  value  of  t 
(determined  from  a  t-distribution  table),  then  the  null  hypothesis  of  no 
significance  is  rejected. 

To  construct  a  confidence  interval  for  Bj,  the  equation  below  is  used. 
^1  1  (a/2,  n-2)  ^bi  -  +  t  (a/2,  n-2)  ^bi 

Where: 

a  =  level  of  significance 

a/2  =  one  half  of  the  significance  level  (two-tailed 

test) 

The  t  statistic  is  used  to  construct  a  confidence  interval  around  the 

regression  coefficients  for  comparison  with  the  regression  coefficients  of 

the  base  model,  and  then  to  test  for  signficance  using  the  base  model  as  the 

null  (Hq)  hypothesis.  This  test  can  only  be  utilized  for  those  portions  of  the 

regression  equation  that  are  similiar.  If  the  regression  equations  differ  not 

only  in  terms  of  B  coefficients  but  also  in  terms  of  independent  variables 

the  F-test  is  used  to  compare  the  two  models.  In  fact,  model  x  will  not  be 

directly  compared  to  model  y  but  will  be  compared  to  the  same  basic 

hypothesis  (Hq).  This  type  of  comparision  will  result  in  the  comparison  of 

2 

the  model  by  standarized  statistical  measures  such  as  R  and  the  F-ratio. 
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The  F-test  is  based  upon  the  common  null  hypothesis  that  there  is  not 
a  linear  relationship  at  all  in  the  population,  i.e.,  that  all  B  values  are  equal 
to  zero. 

H  :  B.  =  B0  =  .  .  .  =  B  =  0 
o  1  2  m 

If  this  hypothesis  were  true  SSE  would  be  large  and  SSR  would  be 
small.  In  order  to  obtain  the  F-ratio,  the  values  for  SSE  and  SSR  are  divided 
by  their  relative  degree  of  freedom  (d.f.).  The  resulting  ratios  are  called 
the  mean-square  regression  (MSR)  and  the  mean-square  error  (MSE);  the 
ratio  of  MSR  to  MSE  follows  the  F -distribution  and  is  the  F(calC)  va^ue" 

The  degrees  of  freedom  associated  with  SSE  is  n-(k+l),  because  (k+1) 

parameters  are  being  estimated.  The  degree  of  freedom  for  SSR  is  the 

number  of  independent  variables.  Therefore  the  appropriate  statistical 

measurement  to  test  the  null  hypothesis  is  the  ratio  of  MSR  to  MSE,  which 

follows  the  F-distribution  with  appropriate  degrees  of  freedom  (Figure  1). 

Therefore,  the  H  =  B.  =  B-  =  ...  =  B„  =  0  is  tested  by: 

o  1  Z  m  1 

P  SSR/k  MSR 

rCALC  =  SSE/(n-k+l)  ’  MSE 

To  determine  the  significance  of  an  individual  coefficient  (B.),  the 
t-test  should  be  applied  (assuming  the  error  is  normally  distributed).  This 
statistic  is  part  of  the  computer  output  and  verifies  the  significance  of  the 
coefficient.  Additionally,  the  F-test  is  used  to  test  the  null  hypothesis  (no 
linear  relationship)  at  the  levels  of  signficance  of  0.05  and  0.01.  These 
results  of  the  thesis  generated  model  are  then  compared  to  the  base  model  in 
an  attempt  to  determine  the  relative  accuracy  and  confidence  in  the 
regression  equations. 
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Summary 

This  section  provides  the  basic  statistical  background  required  to 
comprehend  the  analytical  results  presented  in  the  following  chaptei  — 
Chapter  IV  presents  analysis  of  the  data.  The  data  analysis  starts  with  a 
review  of  the  data  to  determine  whether  the  independent  variables  are 
logical  estimators  (cost  drivers)  of  the  dependent  variables.  Upon  comple¬ 
tion  of  the  data  review,  the  results  and  findings  of  the  factor  analysis  are 
presented.  The  results  are  then  used  as  inputs  for  the  subsequent  regression 
analysis.  Once  the  regression  results  are  examined,  the  equations  are 

compared  to  the  base  model  in  order  to  determine  which  model  more 

* 

accurately  estimates  airframe  RDT&E  costs. 

>  ■ 
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CHAPTER  IV 


ANALYSIS 

The  analysis  in  this  chapter  is  presented  in  five  distinct  phases. 
First,  the  expected  logical  parametric  relationships  are  developed  for  each 
dependent  variable.  Second,  the  airframe  type  groupings  are  developed 
based  upon  the  results  of  the  factor  analysis.  Third,  the  resulting  airframe 
type  groupings  are  regressed  using  both  the  dependent  and  independent 
variables  for  each  group.  Fourth,  the  expected  logical  parametric  relation¬ 
ships  are  compared  to  the  regression  equations.  Finally,  the  results  of  this 
regression  are  compared  to  the  base  model  (Grumman  MLCCM,  1980). 

Parametric  Relationships 

Logical  relationships  between  the  dependent  and  independent  var¬ 
iables  must  be  developed  to  provide  a  basis  for  comparision  to  the 
subsequently  developed  regression  equations  before  any  analysis  is  accom¬ 
plished.  Development  of  these  relationships  serves  several  purposes.  First, 
the  development  process  serves  as  a  crosscheck  of  the  independent  variables 
relationship  with  the  dependent  variables.  Statistically,  it  is  possible  to 
have  a  good  apparent  predictor  (independent  variable)  that  is  totally 
unrelated  to  what  it  accurately  predicts  (dependent  variables).  Therefore, 
the  development  of  the  logical  relationship  serves  as  a  filtering  process, 
eliminating  those  variables  that  are  unrelated  and  retaining  those  variables 
that  are  logically  related  to  the  variable  being  estimated.  Secondly,  the 
relationships  can  be  used  as  a  basis  of  support  for  the  subsequent  regression 
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equations.  And  finally,  the  development  process  serves  as  an  instrument  to 
support  the  validity  of  the  analysis. 

The  major  assumption  contained  in  our  parametric  relationship 
analysis  is  that  the  variables  defined  by  the  base  model  are  in  fact  cost 
drivers  of  the  dependent  variables.  Based  upon  this  assumption,  the 
hypothesized  order  of  entrance  and  relative  importance  of  the  independent 
variables  are  discussed  in  the  following  paragraphs,  with  the  anticipated 
parametric  relationship  logically  developed  for  each  cost  element. 

The  logical  relationships  presented  below  are  for  each  of  the  depen¬ 
dent  variables  with  each  independent  variable.  It  should  be  noted  that  the 
independent  variables  are  listed  in  the  order  of  expected  influence  on  the 
dependent  variable.  In  the  development  of  relationships,  the  first  one  or 
two  independent  variables  which  enter  the  equation  are  expected  to  explain 
the  major  portion  of  the  dependent/independent  variable  relationship.  The 
order  of  entrance  of  the  remaining  three  or  four  variables  is  exceedingly 
difficult  to  estimate  without  performing  a  statistical  measure  of  correlation 
with  the  initial  independent  variables  and  the  dependent  variable  (See 
Chapter  III).  In  general,  we  expect  the  value  of  the  dependent  variables 
(measures  of  estimated  airframe  costs)  to  increase  as  the  size,  performance 
or  number  of  prototype  increase. 
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The  variables  are: 


Independent 

NZULT  -  Ultimate  Load  Factor 
MAXMACH  -  Maximum  Mach 
TWTAREA  -  Total  Wetted  Area 
TOGWMAX  -  Total  Takeoff  Weight 
PROTO  -  Number  of  Prototypes 


Dependent 

ENG  -  Engineering  Hours 
ODC  -  Other  Direct  Charges 
MANMAT  -  Manufacturing  Materials 
TOOL  -  Tooling  Hours 
MANF  -  Manufacturing  Hours 


Before  proceeding  with  the  parametric  relationships  it  is  important 
to  review  the  definitions  of  both  the  independent  and  dependent  variables 
presented  in  Chapter  3. 


Engineering 

Engineering  relates  to  the  direct  and  overtime  labor  hours  required  to 
design  and  analyze  the  airframe  and  provide  liaison  for  its  construction.  In 
estimating  this  cost  element  it  is  logical  to  assume  that  three  groups  of 
independent  variables  would  dominate  the  estimated  regression  equations. 
The  three  groups  are  represented  by  size  (TOGWMAX  and  TWTAREA), 
complexity  (MAXMACH  and  NZULT),  and  the  number  of  prototypes 
(PROTO).  One  variable  from  each  of  these  groups  would  logically  enter  the 
estimated  regression  equation  before  the  second  variable  from  either  size  or 
complexity  would  enter  the  equation.  This  stated  relationship  forms  a  basic 
rule  for  estimating  the  regression  equations.  However,  this  rule  may  be 
overridden  when  a  particular  dependent  variable  appears  heavily  skewed 
towards  one  of  the  groups.  Based  on  this  logic,  the  following  represents  the 
hypothesized  regression  equation  for  engineering  hours. 

ENG  =  Function  (TOGWMAX,  PROTO,  NZULT, 
TWTAREA,  MAXMACH). 
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There  is  a  possibility  that  the  grouped  variables  representing  size  and 
complexity  are  likely  to  exchange  positions  depending  upon  the  correlation 
with  the  dependent  variable.  However,  in  estimating  the  regression 
equation  for  Engineering  the  rule  pertaining  to  the  groups  appears  to  apply. 
Therefore,  the  order  of  entrance  of  the  first  three  independent  variables  is 
likely  to  be  one  variable  from  each  of  the  three  groups  since  the  engineering 
dependent  variable,  by  definition,  is  correlated  to  size,  complexity,  and  the 
number  of  prototypes. 

Tooling 

Tooling  includes  all  direct  and  overtime  labor  charges,  except  pre¬ 
mium  pay,  including  off-site  labor,  to  provide  tools  to  manufacture  the 
airframe.  The  tooling  equation  is  likely  to  enter  only  one  independent 
variable  representing  each  of  three  dominant  groups,  before  entering  the 
second  variable  from  any  of  the  dominant  groups  defined  above.  Logically, 
tooling  is  signficantly  correlated  to  the  complexity  and  size  of  the  airframe. 
This  logic  dictates  that  a  factor  representing  size  and  complexity  must  be 
assigned  the  first  and  second  positions  in  the  estimated  step-wise  regression 
equation.  The  following  is  a  prediction  of  the  expected  step-wise  re¬ 
gression. 


TOOL  =  Function  (NZULT,  TOGWMAX,  PROTO, 
MAXMACH,  TWTAREA). 

There  is  a  possibility  that  the  grouped  variables  representing  size  and 
complexity  are  likely  to  exchange  positions  depending  upon  the  correlation 
with  the  dependent  variable. 
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Manufacturing  and  Quality  Control 

Manufacturing  and  Quality  Control  (QC)  include  all  direct  and  over¬ 
time  labor  charges  except  premium  pay,  including  off-site  labor  to  manu¬ 
facture  the  airframe.  By  definition,  manufacturing  and  QC  are  directly 
related  to  the  size  and  complexity  of  the  airframe.  In  this  case,  the 
significance  of  PROTO  would  only  be  great  if  the  number  of  prototypes  is 
large.  Therefore,  it  is  expected  that  both  variables  from  the  groups 
representing  complexity  and  size  would  enter  the  step-wise  regression 
equation  before  PROTO. 

The  step-wise  regression  equation  is  expected  to  resemble  the 
following  hypothesized  equation. 

MANF  =  Function  (NZULT,  TOGWMAX,  MAXMACH, 

TWTAREA,  PROTO). 

Again  there  is  a  possibility  that  the  grouped  variables  can  exchange 
locations  within  the  estimated  equation  depending  upon  correlation  with  the 
dependent  variable.  Additionally,  there  is  a  possibility  that  the  group 
representing  size  could  enter  both  independent  variables,  before  the  group 
representing  complexity,  based  upon  correlation  with  manufacturing  hours. 

Manufacturing  Materials 

Manufacturing  Materials  includes  the  material  used  to  manufacture 
the  airframe  plus  other  miscellaneous  charges  such  as:  QC,  travel, 
relocation  and  premium  pay,  shipping  charges,  insurance,  Government 
Furnished  Equipment  (GFE),  and  Contractor  Furnished  Equipment  (CFE). 
Manufacturing  materials  is  skewed  towards  the  actual  materials  required  to 
assemble  the  airframe.  Therefore,  it  is  logical  to  expect  that  the  dominant 
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groups  are  the  number  of  prototypes  and  size.  It  is  highly  possible  that  both 
size  variables  can  enter  the  step-wise  regression  equation  before  either 
variable  representing  complexity.  The  following  is  the  hypothesized 
step-wise  regression  equation  for  manufacturing  materials. 

MANMAT  =  Function  (PROTO,  TOGWMAX,  TWTAREA, 

NZULT,  MAXMACH). 

Furthermore,  there  is  a  possibility  that  the  members  of  the  groups 
may  exchange  places  with  each  other  in  the  hypothesized  step-wise  regres¬ 
sion  equation,  or  that  one  of  the  complexity  variables  can  preceed  one  of 
the  size  variables.  However,  it  is  highly  unlikely  that  any  variable  can 
displace  the  prototype  variable. 

Other  Direct  Charges 

■Other  direct  charges  (ODC)  include  Special  Test  Equipment  (STE), 
tooling  materials,  relocation  and  premium  pay  for  engineering  and  tooling 
labor.  Other  direct  charges  are  significantly  related  to  the  number  of 
prototypes  due  to  STE  and  other  miscellaneous  areas  that  arise  during 
prototype  construction.  Additionally,  ODC  is  related  to  engineering  and 
tooling,  so  logically  ODC  is  dependent  upon  the  most  significant  estimator 
from  engineering  and  tooling.  The  following  is  a  hypothesized  step-wise 
regression  equauon  for  ODC. 

ODC  =  Function  (PROTO,  NZULT,  TOGWMAX, 

MAXMACH,  TWTAREA). 

Once  again,  there  is  a  possibility  that  fluctuations  may  occur 
between  either  the  size  and  complexity  groups,  or  between  the  variables 
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within  a  group.  However,  it  is  unlikely  that  either  group  would  place  a 
variable  ahead  of  the  prototype  variable  in  the  ODC  equation. 


Factor  Analysis 

The  purpose  of  factor  analysis  is  to  reduce  a  number  of  variables  to  a 
few  interpretable  constructs.  The  process  described  below  is  presented  to 
provide  an  understanding  of  how  the  groupings  are  developed  for  the 
step-wise  regession  analysis. 

The  following  analytical  procedures  are  used:  First  the  data  are 
prepared.  The  data  used  are  the  structural  characteristics  of  the  airframe: 
1)  TOGWMAX,  2)  TWTAREA,  3)  NZULT,  and  4)  MAXMACH.  Data  are  used 
for  six  different  airframes  within  each  airframe  type. 


Fighter 

Attack 

Cargo 

F-4 

A-3 

C-2 

F-6 

A-4 

C-130 

F-14 

A-5 

C-133 

F-15 

A-6 

C-135 

F-16 

A-7 

C-141 

F-102 

A-10 

C-5 

Second,  factor  analysis  is  then  performed  on  the  data  set,  resulting 
in  constraints  that  are  used  to  develop  logical  groupings  by  airframe  type 
for  the  step-wise  regression.  Third,  the  results  are  analyzed  to  determine 
whether  the  whole  data  set  (Fighter,  Attack,  and  Cargo)  or  a  subset  of  the 
data  set  (Fighter  alone,  Attack  alone,  Cargo  alone,  or  some  combination)  is 
to  be  used  for  the  step-wise  regression. 
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The  initial  factor  analysis  is  run  using  the  four  structural  design 
variables  for  each  airframe.  The  factor  run  results  in  four  factors  being 
developed.  Initial  review  of  these  factors  shows  that  the  first  three  factors 
support  a  communality  among  the  data.  However,  the  fourth  factor  exhibits 
a  grouping  of  Fighter  and  Attack.  This  grouping  is  based  upon  the  positive 
factor  loadings  for  TWTAREA,  NZULT,  and  TOGWMAX,  while  the  cargo 
factor  loadings  tend  to  be  negative  (See  Table  1). 


218#* 

219#® 

FACTOR  1 

FACTOR  2 

FACTOR  3 

FACTOR  8 

22##® 

221#®  FTilT 

.1818# 
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.18328 

222#=  fkzu 

.99518 
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.#4711 
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.52783 
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-.15828 

.38210 

-.39787 
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.#2988 

.88575 

*.1#731 

-.32512 

231#=  C«X« 

.53389 

-.71389 

.37328 

.#2875 

232#®  CTOC 

-.17313 

-.#8591 

.#8887 

-.97999 

233#® 

Table  i 

Initial  Factor  Loadings 


Further  analysis  of  the  factor  run  centers  on  the  eigenvalue, 
2 

communality  (h  ),  and  the  correlation  between  a  variable  and  a  factor  (these 
techniques  are  presented  in  Chapter  3).  Using  the  above  table,  the 
correlation  between  variables  and  factors  are  obtained.  As  an  example, 
Fighter  TWTAREA  (FTWT)  =  .161  for  Factor  1  and  .94929  for  Factor  2; 
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likewise,  Fighter  NZULT  (FNZU)  =  .94518  for  Factor  1  and  -  .3095  for 
Factor  2  and  so  on  across  the  matrix.  To  obtain  the  correlation  the  formula 
would  be: 


(FTWT  Factor  1  X  FNZU  Factor  1)  +  (FTWT  Factor  2  X 
FNZU  Factor  2)  +  (FTWT  Factors  X  FNZU  Factor  3)  +  (FTWT 
Factor  4  X  FNZU  Factor  4) 

Therefore: 

(.161  X  .945)  +  (.949  X  .309)  +  (.113  X  .049)  +  (.183  X  .049)  +  (.183 
X  .047)  =  -.127 

Subsequent  correlation  generation  is  possible,  but  the  overall  result 
is  presented  in  Table  2.  The  table  is  read  across  rows;  the  first  line  is  read 
that  Factor  1  is  correlated  to  itself  with  a  value  of  .80559.  Factor  1  is 
correlated  to  Factor  2  negatively  (-.08452),  to  Factor  three  positively 
(.46793),  and  to  Factor  4  positively  (.35345). 


2429* 

FACTOR  1 

FACTOR  2 

FACTOR  3 

FACTOR  4 

2*39* 

2**9*  F ACTOR 

l 

.89559 

-.98452 

.44783 

.353*5 

2*59*  FACTOR 

** 

L 

.29*83 

.84759 

-.39412 

,15945 

2  449=  FACTOR 

3 

.*6641 

-.19*52 

-.29*94 

-.63823 

2479*  FACTOR 

A 

-.21587 

.4*997 

.74287 

-.41996 

Z*84»1*ACT0R  ANALYSIS  *3/22/82  14.42.32. 

2*91* 


Table  2 

Factor  Score  of  the  Initial  Factor  Analysis 
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The  eigenvalues  are  presented  in  Table  111.  The  table  is  read  across 
the  rows;  therefore,  FTWT  on  Factor  1  has  an  eigenvalue  equal  to  4.52772. 
This  eigenvalue  is  then  divided  by  the  number  of  factors  presented  in  the 
table,  which  is  equal  to  12  factors.  This  procedure  indicates  the  percentage 
of  total  variance  explained  by  FTWT  through  Factor  1.  By  reading  down  the 
cummulative  percentage  (CUM  PCT)  column  it  is  apparent  that  only  four 
factors  are  required  to  explain  100%  of  the  data's  variance.  This  table 
reinforces  the  fact  that  only  four  factors  are  presented  in  the  Factor  Matrix 
presented  in  Table  3. 
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EIGENVALUE 

PCT 

CUH  PCT 

15*#=  RTUT 

l.<«#«« 

i 

4.52772 

37.7 

37.7 

155#=  "N2U 

1.##### 

2 

3.8314# 

25.3 

43.8 

156#*  FRM 

i.mii 

3 

2.25841 

16.8 

81.8 

157#=  fTOC 

utmt 

4 

1.88523 

15.8 

94.9 

158#*  ATII7 

i.ttm 

5 

.37784 

3.1 

188.8 

159#*  ANIL 

i .###*# 

4 

.»888 

.8 

188.8 

14##*  AflXN 

:.##### 

7 

.#8888 

.8 

188.8 

1418*  ATOG 

1.8118# 

8 

.88888 

.8 

1#0.8 

142#*  C7UT 

3 .#8888 

9 

.88888 

.8 

188.8 

143#*  CKZU 

1.88888 

18 

*.88888 

-.8 

188.8 

144#*  CRM 

1.18888 

11 

-.88888 

-.8 

188.8 

145#*  CTOC 

3. #8888 

12 

-.88888 

-.8 

188.8 

144#*1FAC70R  ANALYSIS 

147#* 

Table  3 

83/22/82 

14.42.32. 

Factor  Matrix  for 

the  Initial  Factor  Analysis 
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Communality  is  defined  as  the  variance  of  each  variable  summarized 
by  two  factors,  or  simply,  the  percentage  of  total  variation  explained  by 
common  factors.  The  values  for  communality  are  presented  in  Table  4.  The 
table  is  read  across  the  rows;  as  an  example,  the  communality  value  for 
FTWT  is  equal  to  .97332.  This  value  expresses  the  fact  that  97.332%  of 
FTWT  variance  is  explained  by  other  factors  utilized  in  the  factor  analysis 
run,  or  that  FTWT  only  contributes  2.6%  towards  the  100%  explained  by  the 
combination  of  all  variables.  The  communality  table  shows  all  variables  to 
have  a  communality  of  .90  or  greater,  which  means  that  no  single  variable  is 
the  primary  determinant  of  a  Factor  (Quartimax  Rotation). 


1930* 

19<#=  VARIABLE 

COWIl'NALITT 

1950= 

1940=  F7U7 

.97332 

1970=  rjizij 

.99374 

1980=  FHXIf 

.94299 

1990=  FTGC 

.93047 

2100=  A7UT 

.97403 

2010=  AKZU 

.99997 

2020=  AflXH 

.99942 

2030=  A70C 

.98403 

2040=  C7W7 

.94380 

2050=  CXZ3 

.90243 

2040=  CM* 

.93434 

2070=  C'CC- 

.99998 

2080=:IAC*2R  AML 

•SIS 

209?= 

Table  4 

Communality  of  the  Initial  Factor  Analysis 


Further  investigations  are  required  to  ascertain  whether  there  really 
exists  a  definite  grouping  of  the  fighter  and  attack  airframe  types.  To 
resolve  this  issue,  several  artificial  variables  were  created  for  each  air¬ 
frame  type.  The  first  is  TWTAREA  divided  by  TOGWMAX,  and  is  used  to 
represent  a  characteristic  of  the  airframe  size. 

FF  =  Fighter  TWTAREA  ►Fighter  TOGWMAX 
AA  =  Attack  TWTAREA  ►  Attack  TOGWMAX 
CC  =  Cargo  TWTAREA  ►Cargo  TOGWMAX 

The  second  is  NZULT  multiplied  by  MAX  MACH,  and  is  used  to 
represent  the  performance  and  handling  characteristics  of  the  airframe. 

FN  =  Fighter  NZULT  X  Fighter  MAXMACH 
AN  =  Attack  NZULT  X  Attack  MAXMACH 
CN  =  Cargo  NZULT  X  Cargo  MAXMACH 

And  finally,  NZULT  is  divided  by  MAXMACH,  and  is  used  to 
represent  a  ratio  of  g-load  environment  to  maximum  mach. 

FM  =  Fighter  NZULT  ►Fighter  MAXMACH 
AM  =  Attack  NZULT  ►Attack  MAXMACH 
CM  =  Cargo  NZULT  ►Cargo  MAXMACH 

Three  more  factor  analyses  are  run  using  these  artificial  variables. 
The  initial  factor  analysis  run  using  FM,  AM  and  CM  results  in  only  one 
factor  being  developed.  However,  this  one  factor  tends  to  show  more 
support  for  a  fighter/cargo  grouping,  with  both  the  values  for  CM  and  FM 
positive  (Table  5). 
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FACTOR  1 


1260s 
1271s 
1281s 

1290s  ffl  42302 

1300*  NX  •. '39471 

131|s  c*  .36107 

1320s 


Table  5 

Factor  Score  of  the  Environment 

In  this  particular  case  no  correlations  are  developed  because  only  one 
Factor  exists.  However,  the  eigenvalues  for  this  run  are  presented  in 
Table  6.  Once  again,  the  cumulative  percentage  is  equal  to  100,  which 
indicates  that  the  variables  are  explaining  the  total  variance  among 
themselves. 


550s 

560=  VARIABLE 

KEAN 

STANDARD  DEV 

CASES 

570= 

580=  "n 

4.5272 

2.7336 

6 

590=  m 

8.615* 

7.1015 

6 

608=  CP! 

3.7018 

1.8517 

6 

610=1FAC7CR  ANALYSIS 
620= 

03/22/82 

Table  6 

Factor  Matrix  of  the  Environment 


The  communality  of  these  three  artificial  variables  are  presented  in 
Table  7.  The  table  indicates  that  although  100%  of  variation  is  explained, 
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there  is  a  possibility  that  significant  differences  exist  for  these  three  var¬ 
iables.  The  differences  are  recognized  by  the  fact  that  the  commonality 
loadings  are  not  extremely  high  (close  to  one),  but  are  in  the  .60  to  .80 
range.  Therefore,  unexplained  variance  within  the  variables  exists,  and  is 
possibly  explained  by  other  variables  or  artificial  variables  (Quartimax 
Rotation). 

1888= 

1878=  VARIABLE 

1020= 

1398= 

:i83=  n« 

II  If:  Cf! 

::z*= 

Table  7 

Cummunality  of  the  Environment 

The  second  factor  analysis  using  FN,  AN,  and  CN  as  the  artificial 
variables  results  in  two  factors  being  developed.  Once  again,  factor  one 
tends  to  show  a  relationship  for  a  fighter/cargo  grouping.  However,  factor 
two  shows  the  opposite  relationship,  supporting  a  fighter/attack  grouping 
(Table  8). 


COKMNALIT? 


•  w L  i 

.72255 

.59258 


1548= 

1558= 

.5&?= 

1578= 

1538=  AN 

1598=  CN 

1388= 


FACTOR  1 

.44247 

-.15728 

.78841 


FACTOR  2 

.23338 

.22882 

-.27884 


Table  8 

Factor  Score  of  Performance 
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Correlation  for  the  variables  are  developed  from  the  above  table  and 
result  in  a  positive  correlation  between  fighter  and  attack  (.00413),  a 
negative  correlation  between  cargo  and  attack  (-.00124)  and  a  negative 
correlation  between  fighter  and  cargo  (-.05).  The  correlations  indicate  that 
there  is  little  justification  in  grouping  one  airframe  type  with  another. 

The  eigenvalues  for  this  factor  run  are  provided  in  Table  9.  Again 
the  cumulative  percentage  is  equal  to  100,  with  CN  contributing  the  final 
10.2  %.  In  analyzing,  the  communalities  for  FN,  AN,  and  CN  it  is  apparent 
that  there  is  a  relatively  high  communality  between  these  three  artificial 
variables.  Which  means  80%  to  93%  of  the  variance  is  explained  by  the  two 
factors. 

8 60= 

£70=  VARIABLE  EST  COWUHAlIT?  FACTOR 
330* 

390-  FN  1.00000  1 

908=  AN  1.00000  2 

910=  CN  1.00000  3 

?20=: FACTOR  MALI'S  TO 
930= 

Table  9 

Factor  Matrix  of  Performance 

The  third  factor  analysis  is  run  using  FF,  AA,  and  CC  as  the  artificial 
variables  and  results  in  two  factors  being  generated.  Factor  one  shows  a 
diverse  range:  AA  highly  positive,  CC  highly  negative  and  FF  approximately 
equal  to  zero  (Table  10).  Therefore,  factor  one  tends  to  show  support  for 
three  different  groups,  one  for  each  one  of  the  airframe  types.  Factor  two 
shows  support  for  grouping  attack  and  cargo  airframes,  with  a  high  positive 
factor  loading  for  the  fighters  and  extremely  close  negative  factor  loadings 
for  the  attack  and  cargo  airframes. 


EIGENVALUE  PCT  C'JH  POT 

1.65541  55.2  55.2 

1.03741  34.6  89.3 

.30718  10.2  104.0 

03/22/82  15.38.55. 
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1520* 

1530* 

FACTOR  1 

FACTOR  2 

1540; 

1550»  FF 

-.01679 

.96485 

1560;  AA 

.58936 

-.16798 

1570*  CC 

-.56878 

-.13599 

1580* 

Table  10 

Factor  Score  of 

Size 

Correlations  for  the  variables  are  developed  from  the  above  table  and 
result  in  positive  correlation  between  fighter  and  attack  (.00015),  a  negative 
correlation  between  cargo  and  attack  (-.008),  and  a  negative  correlation 
between  fighter  and  cargo  (-.013).  Again,  the  correlations  indicate  little 
support  for  grouping  the  airframe  types. 

The  eigenvalues  and  communalities  for  the  FF,  AA,  and  CC  are 
presented  in  Table  11.  In  reading  both  tables,  it  is  apparent  that  the  two 
factors  that  are  developed  explain  a  relatively  high  percentage  of  the 
variation  of  the  artificial  variables,  but  again  indicate  that  a  portion  of  the 
variation  in  each  is  not  explained  by  either  factor. 


840; 

850;  VARIABLE  ES’  COHIWNALITT 

870;  "  3,00000 

880;  AA  1.00000 

8*0*  CC  1,00000 

900«  IE  ACTOR  ANALYSIS 
910* 


FACTOR  EIGENVALUE  PCT  CU  PCT 

1  1.50082  50.0  50.0 

2  1.01807  33.9  83.9 

3  .48161  16.1  100,0 

03/22/82  15.26.29. 


Table  1 1 

Factor  Matrix  of  Size 
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Factor  Analysis  Summary 

Factor  analysis  supports  grouping  by  airframe  type,  and  thus,  a 
separate  CER  for  each  airframe  type  must  be  developed.  This  conclusion  is 
drawn  on  the  basis  of  the  four  previously  analyzed  factor  analysis  runs. 
Each  of  the  four  runs  indicate  that  there  are  fluctuations  and  variations 
internal  to  the  airframe  types.  This  is  apparent  in  the  factor  loadings, 
where  in  one  case  the  loadings  would  indicate  a  grouping  and  in  another  case 
it  would  support  the  opposite  grouping.  However,  the  most  important  of  the 
decision  criteria  remains  very  consistent,  that  is  the  correlation  between  a 
variable  and  a  factor.  In  every  case  identified  there  exists  a  correlation 
between  the  airframe  types  that  is  extremely  close  to  zero.  This  overriding 
criteria  indicates  that  a  separate  CER  for  each  airframe  type  should  be 
developed. 


Regression  Analysis 

The  regression  procedures  utilized  in  this  chapter  are  identified  in 
Chapter  III,  except  for  one  point  of  clarification.  The  regression  process  is  a 
multiple  step-wise  regression  in  lieu  of  merely  a  multiple  regression.  The 
difference  is  extremely  important  for  the  process  of  analyzing  the  regres¬ 
sion  analysis  results.  Pure  multiple  regression  generates  the  same  results 
(given  the  same  data)  as  a  step-wise  regression.  However,  a  step-wise 
regression  generates  a  table,  identifying  the  order  in  which  the  variables 
entered  the  regression  equation.  This  is  important  in  that  the  effects  of 
each  independent  variable  can  be  analyzed  as  it  enters  the  regression 
equation. 

The  initial  step-wise  regression  is  accomplished  using  the  same  data 
base  as  the  base  model;  however,  the  second  step-wise  regression  utilizes 
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two  artificial  variables,  TT  and  MXNZ.  The  artificial  variable  TT  is 
obtained  by  multiplying  TOGWMAX  by  TWTAREA,  and  is  used  to  represent 
the  overall  size  and  weight  of  an  airframe  (square  foot  pounds).  The 
artificial  variable  MXNZ  is  obtained  by  mutliplying  MAXMACH  by  NZULT, 
and  is  used  to  represent  the  total  flying  environment  created  when  flying  a 
high-g  airframe  at  a  high  mach  (synergistic  effect  of  speed  and  load  factor). 

Initial  Regression 

The  initial  regression  is  accomplished  using  the  data  base  identified 
in  Appendix  A.  The  data  base  consists  of  all  16  aircraft  (8  fighters,  4 
attack,  and  4  cargo)  and  is  utilized  for  comparison  with  the  base  model.  The 
initial  regression  results  in  five  equations  being  developed,  one  for  each 
dependent  variable  (Engineering,  Other  direct  charges  (ODC),  Manufacturing 
Materials,  Manufacturing  Labor,  and  Tooling).  The  following  is  the  result  of 
the  initial  regression  analysis. 

The  initial  dependent  variable  that  is  regressed  is  ODC,  and  results  in 
the  following  regression  equation  being  developed. 

Ln(ODC)  =  -10.3184  +  (.5661  Ln(PROTO))  +  (.8483 

Ln(TOGWMAX))  +  (1.1559  Ln(NZULT))  +  (.212  Ln(TWTAREA)) 

+  (.3503  Ln(MAXMACH)) 

2 

The  regression  equation  results  in  an  R  value  equal  to  .889,  which 
means  that  the  equation  explains  88.9%  of  the  variance  of  the  ODC 
dependent  variable.  The  calculated  F  =  16.025,  with  5  and  10  degrees  of 
freedom,  and  is  significant  to  the  .991  level  of  confidence.  Additionally,  the 
beta  values  computed  from  the  regression  form  the  following  confidence 
intervals  at  the  95%  confidence  level  (Table  12). 
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2Z8#= 

229#=  CoEFr ICIEKTS  AND  CONFIDENCE  INTERVALS. 
23##= 


2311=  VARIABLE 
232#= 

B 

95  PCT  C.I. 

233#=  PROTO 

.5441 

.2545 

.8774 

23*1=  TCOWHAX 

.8433 

.2974 

1.3992 

235#=  NZULT 

1.1559 

-.##72 

2.319# 

234#=  TNT ARE A 

.212# 

-.1201 

.5441 

237#=  KAXKACH 

.35#3 

-.288# 

.9884 

238#*  CONSTANT 

-18.3184 

-17.4998 

-3.1371 

239#= 


Table  12 

Initial  Regression  Equation  Summary  (ODC) 


The  estimated  values  generated  by  the  regression  analysis  result  in  a 
regression  line  that  predicts  the  actual  values  with  a  relatively  high 
accuracy.  None  of  the  predicted  values  differ  from  the  actual  values  by 
more  than  two  standard  deviations  (Figure  2).  In  review  of  the  residuals 
presented  in  Figure  2,  the  majority  of  the  estimated  values  are  close  to  the 
actual  values  with  the  exception  of  three  outlying  estimates  (.4585  equals 
one  standard  deviation). 
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.221 
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4.410 
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2350= 

4.613 

4.585 

.028 

2860= 

6.208 

5.775 

.434 

2870= 

3.466 

3.307 

.161 

2380= 
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4.577 

.134 

2390= 

4.281 

4.837 
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2910= 

4.847 
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.135 

2910= 

2.93! 

2.808 

.123 

2920= 

5.371 

5.211 

.139 

2930= 

4.551 

5.267 
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2940= 

5.301 
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.170 
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.200 

2960= 
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2991=  NOTE  - 

mt-- 
3010= 

3121= 

3031=  NUMBER  OF  CASES  PLOTTED 
30*0=  NUMBER  OF  2  S.E.  OUTLIERS 
3050= 

3060=  VON  NE'JNANN  RATIO  2.43720 
3070= 

3080=  NUMBER  OF  POSITIVE  RESIDUALS 
3090=  NUMBER  OF  NEGATIVE  RESIDUALS 
3100=  NUMBER  OF  RUNS  OF  SIGNS 
3110* 


0  OR  0  PERCENT  OF  THE  TOTAL 
DUR8IN-UATS0N  TEST  2.28488 

12. 

4. 

5. 


Figure  2 

Residuals  of  the  Initial  Regression  (OOC) 

The  second  dependent  variable  to  be  regressed  is  manufacturing 
materials,  and  results  in  the  following  equation  being  developed. 

Ln(MANMAT)  =  -8.1001  +  (.1236  Ln(PROTO))  +  (.8973 
Ln(TOGWMAX))  +  (1.172  Ln(NZULT))  ♦  (.3120  Ln(MAXMACH)) 

+  (-.0625  Ln(TWTAREA)) 
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2 

The  regression  equation  results  in  an  R  =  .9164,  or  91.64%  of  the 
variance  of  the  manufacturing  material  dependent  variable  is  explained  by 
the  five  independent  variables.  The  calculated  F  value  is  equal  to  21.924 
with  5  and  10  degrees  of  freedom  and  is  significant  at  the  .999  level  of 
confidence.  The  computed  beta  values  form  the  following  confidence 
intervals  at  the  95%  confidence  level  (Table  XIII). 


4250* 

4261*  coefficients  and  confidence  intervals. 

4270* 

4280*  VARIABLE 
4290* 

E 

95  PCT  C.I. 

4300*  PROTO 

.1236 

-.0456 

.2927 

4310*  TOCNHAS 

.3973 

.5983 

1.1964 

4320*  NIULT 

1.1172 

.4858 

1.7485 

4330*  HAXKACH 

.3120 

-.0344 

.6585 

4340*  TNTAREA 

*.0625 

-.2427 

.1178 

4350*  CONSTANT 
4360* 

•3.1001 

-11.9982 

-4.2019 

Table  13 

Initial  Regression  Equation  Summary  (MANMAT) 


The  estimated  values  generated  by  the  regression  analysis  result  in  a 
regression  line  that  minimizes  the  sum  of  the  squared  errors  in  the 
regression  (Figure  3).  In  review  of  the  residuals  the  regression  equation  is 
able  to  predict  the  actual  values  with  varying  degrees  of  success  (.2489 
equals  one  standard  deviation). 

It  is  important  to  analyze  the  negative  beta  coefficient  associated 
with  TWTAREA  in  the  MANMAT  equation.  The  negative  beta  value  is  in 
contradiction  to  what  is  expected,  that  is,  that  as  an  independent  data 
parameter  increases  so  does  the  cost  associated  with  that  independent 
parameter.  This  situation  might  result  from  several  factors:  1)  it  could  be 
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contained  in  the  data  set  (existence  of  multicollinearity),  2)  it  could  result 
from  the  bias  contained  in  the  regression  analysis  as  a  result  of  using 
logarithm  and  3)  the  possibility  that  this  independent  variable's  definition  is 
incorrect  (a  zero  line  scatter  indicated  that  this  was  not  the  case  because 
the  scatter  gram  of  the  independent  variable  with  the  residuals  appear  to  be 
random).  It  shou'd  also  be  noted  that  some  of  the  other  regression  equations 
in  this  Chapter  also  contain  negative  beta  coefficients.  This  problem  is 


addressed  in  Chapter  V  under  recommendations  for  future  research, 
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5«;l*  NUMBER  OF  2  $.D.  OUTLIERS  I  GR  I  PERCENT  OF  THE  TOTAL 
512#= 

513#*  VON  NEUMANN  RATIO  2.41519  OURBIN-UATSON  TEST  2.25487 

5141* 

5«5I*  NUMBER  OF  POSITIVE  RESIDUALS  9. 

514#*  NUMBER  OF  NEGATIVE  RESIDUALS  7. 

5171*  NUMBER  OF  RUNS  OF  SIMS  9. 

Figure  3 

Residuals  of  the  Initial  Regression  (MANMAT) 
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The  third  dependent  variable  that  is  regressed  is  manufacturing  labor, 
and  results  in  the  following  regression  equation  being  developed. 

Ln(MANF)  =  -7.1673  +  (.8608  Ln(TOGWMAX))  +  (.9138 
Ln(NZULT))  +  (.3261  Ln(MAXMACH))  +  (-.1041 

Ln(TWTAREA))  +  (.0761  Ln(PROTO)) 

2 

The  regression  equation  results  in  an  R  =  .8949,  or  89.49%  of  the 
variance  of  the  manufacturing  labor  dependent  variable  is  explained  by  the 
independent  variables.  Additionally,  the  regression  equation's  F-value  is 
equal  to  17.038  which  is  significant  at  the  .999  level  of  confidence.  The 
computed  beta  values  form  the  following  confidence  intervals  at  the  95% 
confidence  level  (Table  14). 


4228= 

6230=  CCt“IC!EKTS  AND  CONFIDENCE  INTERVALS. 
62*1= 


625 8=  VARIABLE 

4  'M- 

B 

95  per  C.l. 
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,8m 
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6280=  NZUL7 
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.2545 

1.5738 

6291:  HAXMACH 

.3241 

-.8357 

.6878 

6300:  TUTAREA 

-.1841 

-.2923 

.8841 

4311=  PROTO 

.8741 

-.1884 

.2527 

6321:  CONSTANT 

-7.1473 

-12.2374 

-3.8978 

4331= 


Table  14 

Initial  Regression  Equation  Summary  (MANF) 


The  estimated  values  generated  by  the  regression  analysis  result  in  a 
regression  line  that  predicts  the  actual  values  with  relatively  high  accuracy. 
However,  there  are  some  outlying  predictions  that  are  two  standard 
deviations  away  from  the  regression  equation,  but  one  standard  deviation  is 
equal  to  only  .2599  (Figure  4). 
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Figure  4 


Residuals  of  the  Initial  Regression  (MANF) 


The  fourth  dependent  variable  to  be  regressed  is  tooling  hours,  and 
results  in  the  following  regression  equation  being  developed. 


Ln(TOOL)  =  16.7166  +  (-4.0523  Ln(NZULT))  (L.7L24 
Ln(MAXMACH))  +  (-.8878  Ln(TOGWMAX))  +  (.2988 

Ln(PROTO))  +  (.2972  LnttWTAREA)) 
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2 

The  regression  equation  results  in  an  R  =  .5064,  or  50.64%  of  the 
variance  of  the  tooling  dependent  variable  is  explained  by  the  independent 
variable.  The  calculated  F-value  is  equal  to  2.052  and  is  significant  at  the 
.884  level  of  confidence.  The  beta  values  form  a  wide  confidence  interval 
at  the  95%  confidence  level  (Table  15). 
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Table  15 

Initial  Regression  Equation  Summary  (TOOL) 

The  estimated  values  generated  by  the  regression  analysis  result  in  a 
regression  line  that  minimizes  the  sum  of  the  squared  errors  in  the 
regression  (Figure  5).  The  residual  plot  depicts  the  actuals  in  comparison 
with  the  estimated  and  must  be  interpreted  correctly.  Even  though  the 
actuals  are  within  1  to  1.5  standard  deviations  the  actual  standard  deviation 
is  larger  for  this  regression  analysis  than  those  for  the  three  previous 
regression  analyses  (1.3423  =  one  standard  deviation). 
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Figure  5 

Residuals  of  the  Initial  Regression  (TOOL) 

The  final  dependent  variable  to  be  regressed  is  Engineering  and 
results  in  the  following  regression  equation. 

Ln(ENG)  =  -11.745  *■  (.195  Ln(PROTO))  +  (.889 

Ln(TOGWMAX))  +  (1.214  Ln(NZULT))  +  (,u96  Ln(TWTAREA))  + 

(.183  Ln(MAXMACH)) 
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The  regression  equation  results  in  an  =  .8619  or  86.19%  of  the 
variance  of  the  engineering  dependent  variable  is  explained  by  the  indepen¬ 
dent  variables.  The  calculated  F-value  is  equal  to  12.478  which  is 
significant  at  the  .999  level  of  confidence.  The  beta  values  form  the 
following  confidence  interval  at  the  95%  confidence  level  (Table  16). 
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16 

Initial  Regression  Equation  Summary  (ENG) 

The  estimated  values  generated  by  the  regression  analysis  result  in  a 
regression  line  that  predicts  the  actual  values  with  relatively  high  accuracy 
(Figure  6).  Even  though  there  are  several  actuals  that  are  close  to  two 
standard  deviations  from  the  regression  estimates  the  value  of  the  standard 
deviation  is  small  (.3557  =  one  standard  deviation). 
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Figure  6 

Residuals  of  the  Initial  Regression  (ENG) 


Second  Regression 

The  second  step-wise  regression  is  accomplished  utilizing  the  same 
data  base  as  the  initial  regression.  However,  the  second  regression  also 
utilizes  the  two  artificial  variables,  TT  and  MXNZ.  These  artificial 
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variables  are  used  as  interaction  variables.  The  interaction  variables  are 
used  to  explain  some  of  the  variation  of  the  dependent  variable  that  is  not 
already  explained  by  the  five  independent  variables  and  to  control 
multi-collinearity.  From  this  point  forward  the  initial  regression  is  called 
REG  1,-and  the  second  regression  is  called  REG  2. 

The  basis  of  this  section  is  the  comparison  of  REG  1  with  REG  2,  in 
terms  of  equations,  accuracy  and  significance.  The  confidence  intervals  and 
the  residual  plots  are  not  presented  in  this  section,  but  they  are  contained  in 
Appendix  C  and  D.  Again,  the  analysis  process  is  accomplished  by 
regressing  the  dependent  variable  by  independent  variables.  The  first 
dependent  variable  to  be  regressed  is  ODC,  and  results  in  the  following 
regression  equation. 

Ln(ODC)  =  1.387  +  (.626  Ln(PROTO))  +  (.11  Ln(TT))  +  (.688 
Ln(MXNZ)  +  (1.13  Ln(NZULT))  +  (-1.001  Ln(TWTAREA))  + 

(-1.212  Ln(MAXMACH))  +  (-.288  Ln(TOGWMAX)) 

2 

The  REG  2  regression  equation  generated  an  R  =  .9022  and  is 

significant  at  the  .998  level  of  confidence.  In  comparison  the  REG  1 

2 

equation  generated  an  R  =  .889  at  the  .999  level  of  confidence.  However, 
the  standard  deviation  for  REG  2  is  .4812,  where  the  standard  deviation  for 
REG  1  is  .4585.  The  small  difference  of  ,0227  between  standard  deviations 
is  not  as  significant  as  the  1.2%  increase  in  explained  variation,  and 
therefore  REG  2  is  acceptable.  Reviewing  the  statistics  it  appears  that 
through  the  utilization  o*  the  artificial  variables  an  increase  in  variation 
explained  is  possible,  without  a  significant  decrease  in  the  level  of  signfi- 
cance  or  a  significant  increase  in  the  standard  deviation. 
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The  second  dependent  variable  to  be  regressed  is  Manufacturing 
Materials,  and  results  in  the  following  regression  equation. 

Ln(MANMAT)  =  -18.2595  +  (.0702  Ln(PROTO))  +  (1.7978 
Ln(TOGWMAX))  +  (1.1434  Ln(NZULT))  +  (-.2534  Ln(MXMZ))  + 
(-.0973  Ln(TT))  +  (1.0158  Ln(TWTAREA))  +  (.9362 

Ln(MAXMACH)) 

2 

The  REG  2  regression  equation  generated  an  R  =  .9360,  and  is 

significant  at  .999  level  of  confidence.  In  addition,  REG  2  developed  a 

standard  deviation  equal  to  .2435.  REG  2  outperformed  REG  1  in  all  three 

modes  of  measurement  in  this  particular  case.  REG  1  generated  an  R  = 

.9164,  a  standard  deviation  equal  to  .2489,  and  was  also  significant  at  .999 

level  of  confidence.  Clearly,  in  attempting  to  estimate  manufacturing 

materials  REG  2  with  artificial  variables  is  the  better  regression  equation. 

The  third  dependent  variable  that  is  regressed  is  Manufacturing 

Labor,  and  results  in  the  following  regression  equation.  Note  that  only  six 

independent  variables  are  used  in  the  equation,  because  the  seventh  variable 

influenced  the  degrees  of  freedom  more  than  it  added  to  the  explanation  of 

the  dependent  variable's  variance.  The  decision  to  exclude  the  seventh 

variable  is  based  upon  the  decrease  in  the  level  of  significance  and  the 

2 

resulting  drop  in  the  adjusted  R  value. 

Ln(MANF)  =  -7.949  +  (1.216  Ln(TOGWMAX))  +  (.941 
Ln(NZULT))  +  (.163  Ln(MAXNZ))  +  (-.042  Ln(TT))  +  (.054 
Ln(PROTO))  +  (.410  Ln(TWTAREA)) 


2 

The  REG  2  regression  equation  generates  an  R  =  .899,  a  standard 

deviation  equal  to  .2686,  and  is  significant  at  .999  level  of  confidence. 
2 

REG  1  generates  an  R  =  .8949,  a  standard  deviation  equal  to  .2599,  and  is 
significant  at  .999  level  of  confidence.  The  comparison  between  REG  1  and 
REG  2  proves  to  be  inconclusive.  The  reason  is  that  the  increase  in 
explained  variation  is  not  highly  significant,  nor  is  the  increase  in  the 
standard  deviation.  Therefore,  either  regression  equation  supplies  the  same 
results  with  the  same  degree  of  accuracy. 

The  fourth  dependent  variable  to  be  regressed  is  Tooling  Labor,  and 
results  in  the  following  regression  equation. 

Ln(TOOL)  =  -31.150  +  (-3.955  Ln(NZULT))  +  (9.757 
Ln(MAXMACH))  +  (-3.592  Ln(MAXNZ))  +  (-.455  Ln(TT))  + 

(.058  Ln(PROTO))  +  (5.115  Ln(TWTAREA))  +  (3.589 

Ln(TOGWMAX)) 

2 

The  REG  2  regression  equation  generates  an  R  =  .6517,  a  standard 

deviation  of  1.2606,  and  is  signficant  at  .846  level  of  confidence.  REG  2 

outperforms  REG  1  in  two  modes  of  measurement  in  the  case  dealing  with 

2 

the  estimation  of  tooling.  REG  1  generates  an  R  =  .5064,  a  standard 
deviation  equal  to  1.3423,  and  is  significant  at  .884  level  of  confidence. 
REG  2  provides  nearly  15%  more  explanation  of  variance,  and  at  the  same 
time  reduces  the  width  of  the  standard  deviation.  In  this  particular  case, 
the  more  accurate  regression  equation  is  REG  2  with  artificial  variables. 
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The  final  dependent  variable  to  be  regressed  is  Engineering,  and 
generates  the  following  regression  equation. 

Ln(ENG)  =  2.521  +  (.270  Ln(PROTO))  +  (-.376 

Ln(TOGWMAX))  +  (1.177  Ln(NZULT))  +  (.137  Ln(TT))  +  (-1.469 
Ln(TWTAREA))  +  (.356  Ln(MXMZ))  +  (-.695  Ln(MAXMACH)) 

2 

The  REG  2  regression  equation  generates  an  R  =  .8931,  a  standard 

deviation  equal  to  .3498,  and  is  significant  at  .998  level  of  confidence.  REG 

2 

1  for  Engineering  generates  an  R  =  .8619,  a  standard  deviation  equal  to 
.3557,  and  is  significant  at  .999  level  of  confidence.  In  analyzing  the 
statistic  measures,  REG  2  generates  a  superior  performance  in  the  per¬ 
centage  of  variance  explained,  and  in  a  narrower  standard  deviation. 
Therefore,  REG  2  is  the  better  regression  equation  when  estimating  engin¬ 
eering  hours  for  a  combination  of  airframe  types.  The  drop  in  the  level  of 
confidence  of  .002  is  not  very  significant,  when  considering  that  the  REG  2 
equation  is  still  above  .99  level  of  confidence.  Additionally,  the  increase  in 
explained  variation  of  over  3%  more  than  outweighs  the  slight  decrease  in 
the  confidence  level. 

Comparison  of  Parametric  Relationships 
This  section  provides  a  comparison  of  the  hypothesized  parametric 
relationships  and  the  parametric  relationships  developed  by  REG  1.  The 
purpose  of  this  section  is  to  strengthen  both  the  hypothesized  regression 
equations  and  the  computer  generated  regression  equations.  When  logic 
supports  statistics  the  end  result  is  a  higher  degree  of  confidence  in  the 
regression  equations.  The  purpose  of  using  REG  1  is  that  it  does  not  use 
artificial  variables,  nor  do  the  logically  developed  parametric  relationships 
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presented  early  in  this  Chapter.  It  is  important  to  remember  that  the 
independent  variables  in  the  REG  1  regression  equation  are  aligned  in  order 
of  their  entrance  into  the  step-wise  regression.  Therefore,  the  independent 
variables  are  also  in  order  of  significance  to  the  regression  equation. 

The  first  equation  to  be  compared  is  Engineering  hours.  The 
following  equations  are  first  the  estimated  equation,  and  second  the  results 
of  the  REG  1  regression  (without  the  beta  coefficient  values). 

EST  Eng  =  Function  (TOGWMAX,  PROTO,  NZULT, 
TWTAREA,  MAXMACH) 

REG  1  Eng  =  Function  (PROTO,  TOGWMAX,  NZULT, 
TWTAREA,  MAXMACH) 

The  estimated  regression  equation  and  the  REG  1  regression  equation 
are  extremely  close  in  the  order  of  entrance  of  the  variables.  Therefore,  it 
is  logical  to  accept  the  validity  of  REG  1.  Because  REG  1  executed  the 
variable  order  extremely  close  to  the  hypothesized  regression  equation,  the 
result  adds  strength  and  validity  to  both  the  hypothesized  and  REG  1 
regression  equations. 

The  following  is  a  summarization  of  the  four  remaining  equations. 
Note  that  the  hypothesized  and  REG  1  equations  are  extremely  close  in 
order  of  entrance,  and  that  the  logic  of  one  equation  supports  and  validates 
the  other  equation. 

EST  TOOL  =  Function  (NZULT,  TOGWMAX,  PROTO, 
MAXMACH,  TWTAREA) 

REG  1  TOOL  =  Function  (NZULT,  MAXMACH, 
TOGWMAX,  PROTO,  TWTAREA) 
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Performance  characteristics  dictate  their  importance  by  entering 
first  and  second  in  REG  I's  regresson  equation. 

Est  MANF  =  Function  (NZULT,  TOGWMAX,  MAXMACH, 
TWTAREA,  PROTO) 

REG  1  MANF  =  Function  (TOGWMAX,  NZULT, 
MAXMACH,  TWTAREA,  PROTO) 

As  indicated,  the  independent  variable  TOGWMAX  is  more  significant 
in  the  manufacturing  equation  than  had  been  hypothesized. 

EST  MANMAT  =  Function  (PROTO,  TOGWMAX,  TWTAR 
EA,  NZULT,  MAXMACH) 

REG  1  MANMAT  =  Function  (PROTO,  TOGWMAX, 
NZULT,  MAXMACH,  TWTAREA) 

The  performance  characteristics  play  a  more  important  part  in 
explaining  variance  of  the  dependent  variable  than  originally  thought.  This 
may  stem  from  the  majority  of  the  size  characteristics  being  explained  by 
TOGWMAX. 


Est  ODC  =  Function  (PROTO,  NZULT,  TOGWMAX, 
MAXMACH,  TWTAREA) 

REG  1  ODC  =  Function  (PROTO,  TOGWMAX,  NZULT, 
TWTAREA,  MAXMACH) 
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The  relative  order  of  entrance  of  the  independent  variables  remains 
the  same,  except  the  size  characteristics  enter  before  the  performance 
characteristics.  The  order  undoubtedly  stems  from  the  percentage  of 
variance  explained  by  TOGWMAX  compared  to  NZULT. 

Factor  Grouping  Regression 

This  section  is  based  upon  a  regression  analysis  of  the  factor 

grouping.  Therefore,  the  data  base  consists  of  only  the  eight  fighter 

airframes.  In  the  process  of  this  analysis  two  regression  runs  are  accom¬ 

plished;  one  using  the  original  five  independent  variables  and  another  using 
the  five  independent  variables  plus  two  artificial  variables  (TT  and  MXNZ). 
The  first  factor  group  regression  is  called  REG  3,  and  the  second  factor 
group  regression  with  artificial  variables  is  called  REG  4.  The  results  of 
each  regression  (equation,  standard  deviation,  and  significance  level)  are 
presented  in  this  section.  The  actual  printouts  containing  the  beta  coeffi¬ 
cient  confidence  limits  and  the  residual  plots  for  REG  4  are  available  for 
review  in  Appendix  E. 

The  initial  dependent  variable  to  be  regressed  is  Other  Direct 

Charges  (ODC),  and  yields  the  following  regression  equations. 

REG  3  Ln(ODC)  =  -9.5736  +  (.5919  Ln(PROTO))  +  (.9951 
Ln(TOGWMAX))  ♦  (.9523  Ln(NZULT)) 

REG  4  Ln(ODC)  =  -9.574  +  (.592  Ln(PROTO))  +  (.995 
Ln(TOGWMAX))  +  (.952  Ln(NZULT)) 
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Both  REG  3  and  REG  4  yield  about  the  same  results  with  an  R2  = 
.8914,  a  standard  deviation  equal  to  .3907,  and  are  significant  at  .979  level 
of  confidence.  The  duplication  of  regression  equations  that  are  limited  to 
three  variables  indicates  that  none  of  the  other  variables  (two  independent 
and  two  artificial)  add  to  the  variation  being  explained  by  PROTO, 
TOGWMAX  AND  NZULT  (Figure  7). 
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Figure  7 

Regression  Analysis  of  REG  3  (ODC) 

The  second  dependent  variable  to  be  regressed  is  Manufacturing 
materials,  and  yields  the  following  regression  equation. 

REG  3  <3c  REG  4  (Ln(MANMAT))  =  -16.891  +  (1.48 
Ln(TOGWMAX))  +  (1.457  Ln(NZULT))  +  (.074  Ln(PROTO))  ♦ 

(.214  Ln(TWTAREA))  +  (-.168  Ln(MAXMACH)) 


Both  REG  3  and  REG  4  yield  the  same  regression  equations.  REG  3 
and  REG  4  results  in  an  R2  =  .9695,  standard  deviation  equal  to  .1868,  and 
are  significant  at  .987  level  of  confidence.  Note  that  all  five  original 
independent  variables  are  in  the  equation,  but  neither  of  the  artificial 
variables  are  able  to  reduce  the  unexplained  variation  (Figure  8). 
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Figure  8 

Regression  Analysis  of  REG  3  (MANMAT) 

The  third  dependent  variable  to  be  regressed  is  Manufacturing  hours, 
and  yields  the  following  regression  equation.  Note  that  both  REG  3  and 
REG  4  are  once  again  the  same  equation. 

REG  3  &  REG  4  (Ln(MANF)  =  -14.13  +  (1.184 
Ln(TOGWMAX))  +  (1.608  Ln(NZULT))  +  (.187  Ln(TWTAREA)) 

Both  REG  3  and  REG  4  result  in  an  R2  =  .8804,  a  standard  deviation 
equal  to  .2943,  and  are  significant  at  .974  level  of  confidence.  Note  that 
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only  three  of  the  independent  variables  are  included  in  the  regression 
equation.  The  regression  equation  is  limited  by  choice  of  the  authors, 
because  if  the  other  variables  (MAXMACH  and  PROTO)  are  included  in  the 
equation,  the  R  only  increases  to  .8828  while  the  standard  deviation 
increases  to  .412  and  the  level  of  significance  drops  to  a  .732  level  of 
confidence.  In  view  of  these  circumstances  the  equation  is  limited  to  three 
independent  variables  (Figure  9). 
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Figure  9 

Regression  Analysis  of  REG  3  (MANF) 

The  fourth  variable  to  be  regressed  is  tooling  hours,  and  yields  the 
following  equation.  Again,  note  that  REG  3  and  REG  4  result  in  the  same 
regression  equation. 

REG  3  &  REG  4  (Ln(TOOL))  =  -6.489  *•  (.435  Ln(PROTO)) 

*■  (1.641  Ln(NZULT))  +  (.287  Ln(TOGWMAX)) 
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2 

Both  REG  3  and  REG  4  result  in  an  R  =  .8235,  a  standard  deviation 

equal  to  .3265,  and  are  significant  at  .945  level  of  confidence.  Note  that 

only  three  independent  variables  are  included  in  the  regression  equation. 

Once  again,  the  regression  equation  is  limited  to  three  independent  var- 

2 

iables,  since  with  the  addition  of  TWTAREA  and  MAXMACH,  the  R  only 
increases  to  .8311  while  the  standard  deviation  increases  to  .4516  and  the 
level  of  significance  drops  to  a  .73  level  of  confidence  (Figure  10). 
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Figure  10 

Regression  Analysis  of  REG  3  (TOOL) 


The  final  dependent  variable  to  be  regressed  is  Engineering  hours,  and 
yields  the  following  equation  for  both  REG  3  and  REG  4. 

REG  3  <3c  REG  4  (Ln(ENG))  =  -11.829  +  (1.265 
Ln(TOGWMAX))  +  (.207  Ln(PROTO))  +  (-.405  Ln(MAXMACH)) 
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Both  REG  3  and  REG  4  result  in  an  R^  =  .7874,  a  standard  deviation 

equal  to  .3769,  and  are  significant  at  .922  level  of  confidence.  Again,  the 

authors  chose  to  limit  the  regression  equation  to  only  three  independent 

variables  because  of  the  huge  drop  in  the  level  of  confidence.  If  TWTAREA 

2 

and  NZULT  are  added  to  the  regression  equation  the  R  only  increases  to 
.8248,  while  the  level  of  significant  drops  to  a  .718  level  of  confidence 
(Figure  11). 
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Figure  11 

Regression  Analysis  of  REG  3  (ENG) 

Factor  Grouping  Summary 

The  results  of  the  factor  grouping  regression  is  promising  since 

several  of  the  R^  values  increased  significantly.  However,  in  some  cases 

2  2 
there  is  a  drop  in  R  value  and  in  the  significance  level.  The  drop  in  R 

2 

value  is  not  too  significant  because  in  all  but  one  case  the  R  is  still  above 
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80%  explained  variation.  The  drop  in  level  of  confidence,  which  is  based  on 
the  F-vaiue,  is  not  at  all  surprising.  The  reason  the  level  of  confidence 
drops  is  that  the  sample  size  is  small  (only  eight  data  points).  As  the  data 
base  for  fighter  airframes  increases,  the  level  of  confidence  will  increase 
accordingly,  and  the  additional  independent  variables  that  are  not  in  the 
proposed  regression  equations  can  be  added  later  to  increase  the  percent  of 
explained  variation. 


Comparison  of  the  Models 

The  following  section  presents  a  comparison  of  three  models,  REG  2, 

REG  3,  and  the  base  model  (Grumman).  The  models  are  compared  on  the 

estimated  values  that  are  generated  by  each  model’s  regression  equations. 

The  models  are  compared  in  tabular  form,  which  lists  the  values  generated 

by  REG  2,  REG  3,  the  base  model,  and  the  actuals.  After  examining  the 

2 

estimated  values  for  each  model,  an  R  is  developed  for  the  base  model, 
REG  2  and  REG  3. 

Since  the  development  of  REG  3  was  based  on  only  fighter  airframes, 

the  comparison  is  lirr  to  only  the  fighter  portion  of  the  data  base.  The 

2 

comparison  is  made  using  all  eight  fighter  airframe  data  points.  The  R 
values  are  hand  calculated  values  utilizing  the  R  formula  presented  in 
Chapter  III.  Additionally,  ail  values  presented  in  the  table  in  this  section 
are  hand  calculated  values  utilizing  the  equations  identified  with  the  base 
model  in  Chapter  II,  and  the  REG  2  and  REG  3  regression  equations 
developed  earlier  in  Chapter  IV. 
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Engineering  Hours 

The  first  dependent  variable  to  be  used  as  a  point  of  comparison  is 
Engineering  hours.  A  summary  of  the  estimated  hours  are  displayed  in  Table 


Table  17 

Comparison  of  Engineering  Estimates 


17. 

An  initial  comparison 

between 

the  base  model, 

REG  2  and  REG 

indicates  that  REG  3  is  a  better  estimator  of  the  actual  values  contained 

the  data  base. 

REG  2 

REG  3 

BASE 

ACTUAL 

F-l 

8.35 

5.38 

12.66 

8.46 

F-2 

2.32 

3.14 

3.40 

2.73 

F-3 

9.55 

12.26 

11.41 

15.70 

F-4 

10.28 

9.06 

10.83 

6.13 

F-5 

9.65 

4.87 

9.98 

7.05 

F-6 

7.27 

7.68 

8.85 

9.21 

F-7 

7.22 

7.43 

7.10 

6.80 

F-8 

14.31 

20.07 

11.16 

21.00 

The  Rz  value  for  REG  3  =  .8414  as  compared  to  an  Rz  =  .3235  for  the 
base  model,  and  an  R^  =  .5*.  3  for  REG  2. 


Tooling  Hours 

A  summary  of  the  estimated  tooling  hours  are  displayed  in  Table  18. 

2  2 
The  R  value  generated  for  REG  3  is  equal  to  .7813,  REG  2  R  =  .2209  and 

base  model  R^  =  .0915. 
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REG  2 

REG  3 
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ACTUAL 

F-l 

1.80 

4.90 

5.49 

6.08 

F-2 

3.00 

1.38 

1.48 

1.33 

F-3 

13.00 

4.67 

4.67 

6.32 

F-4 

5.87 

5.98 

6.04 

5.42 

F-5 

4.77 

4.85 

5.44 

3.39 

F-6 

2.55 

7.14 

5.67 

8.06 

F-7 

16.10 

5.47 

5.17 

5.42 

F-8  5.49  7.42  2.57 

Table  18 

Comparison  of  Tooling  Hours  Estimates 

Manufacturing  Hours 

7.65 

A  summary  of  the  estimated  hours  for  manufacturing  are  displayed  in 

2 

Table  19.  The  generated  R 

value  for  REG  3,  REG  2  and  the  base  model 

results  in  a  REG  3  R2  =  .9498, 

REG  2  R2  = 

2 

.866  and  base  model  R  =  .8469. 

REG  2 

REG  3 

BASE 

ACTUAL 

F-l 

51.50 

55.74 

56.19 

59.8 

F-2 

16.00 

16.84 

16.29 

16.5 

F-3 

68.17 

72.75 

70.98 

82.4 

F-4 

63.10 

61.89 

68.26 

73.5 

F-5 

58.00 

30.16 

62.46 

36.9 

F-6 

26.40 

29.34 

29.58 

34.0 

F-7 

36.50 

29.00 

41.52 

28.1 

F-8 

111.05  106.45  102.65 

Table  19 

Comparison  of  Manufacturing  Hours  Estimates 

115 

SI 


Other  Direct  Charges 

A  summary  of  the  estimated  hours  for  ODC  are  presented  in  Table 
20.  The  generated  R2  value  for  REG  3,  REG  2  and  the  base  model  results  in 
REG  3  R2  =  .8680,  REG  2  R2  =  .79  and  a  base  model  R2  =  .4338. 


REG  2 

REG  3 

BASE 

ACTU/ 

F-l 

126.97 

98.89 

173.20 

127.35 

F-2 

17.10 

20.20 

27.17 

18.70 

F-3 

164.70 

181.81 

193.22 

215.07 

F-4 

200.00 

186.97 

203.32 

94.70 

F-5 

171.40 

172.77 

174.22 

200.00 

F-6 

164.40 

177.32 

211.01 

175.00 

F-7 

170.37 

172.08 

171.63 

202.80 

F-8 

243.20 

352.80 

77.98 

365.40 

Table  20 

Comparison  of  ODC  Estimates 


Manufacturing  Materials 

A  summary  of  the  estimated  hours  for  manufacturing  materials  is 

presented  in  Table  21.  Once  again  REG  3  is  utilized  as  the  comparitor  with 

2  2 
the  base  model.  The  generated  R  values  for  REG  3  equals  .963,  REG  2  R 

equals  .93  and  the  base  model  again  cannot  be  calculated,  which  may  be  due 

to  an  error  in  the  equation. 
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REG  2 

REG  3 

BASE 

ACTUAL 

F-i 

73.77 

69.13 

18.770 

70.20 

F-2 

19.97 

20.03 

4.839 

20.25 

F-3 

103.20 

116.63 

23.346 

121.60 

F-4 

93.50 

90.29 

23.240 

105.90 

F-5 

87.44 

92.02 

16.600 

71.40 

F-6 

38.44 

45.55 

10.570 

47.30 

F-7 

52.00 

43.07 

14.575 

41.70 

F-8 

171.06 

185.68 

52.990 

189.90 

Table  21 

Comparison  of  Manufacturing  Materials  Estimates 


Verification 

At  this  time,  verification  of  the  models  developed  in  this  thesis  is  not 
possible.  The  original  research  plan  was  to  verify  the  models  by  attempting 
to  predict  the  airframe  RDTicE  costs  of  the  F-18  fighter  aircraft.  How¬ 
ever,  this  thesis  team  was  unable  to  collect  the  required  cost  data  for  the 
F-18  because  of  an  ongoing  "should-cost"  study.  This  study  made  the 
release  of  cost  data  an  extremely  sensitive  issue.  Therefore,  verification  of 
the  thesis  generated  CERs  must  be  delayed  until  the  necessary  cost  data  is 
available. 


Analysis  Summary 

The  comparison  of  the  three  models  points  to  the  stated  hypotheses 
in  Chapter  I  that  a  unique  CER  exists  for  each  type  of  airframe  (fighter, 
attack,  cargo)  for  the  RDT&E  phase  of  the  acquisition  process,  and  that  the 
unique  CER's  will  more  accurately  prodict  RDT&E  airframe  costs.  The 
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comparison  shows  that  in  the  area  of  fighters  the  best  estimator  is  a  CER 
equation  designed  specifically  for  fighter  airframes.  The  REG  2  and  base 
model  are  fair  estimates  of  fighter  airframe  dependent  variables,  but  lack 
the  accuracy  of  the  REG  3  equation.  Both  REG  2  and  the  base  model  prove 
less  accurate  in  estimating  fighter  airframe  costs  because  both  models  were 
developed  using  fighter,  attack,  and  cargo  airframe  data.  Therefore,  REG  2 
and  the  base  model  are  gross  estimator  models  and  neither  model  can 
consistently  estimate  a  value  for  fighter,  attack,  and  cargo  airframes  with  a 
high  degree  of  accuracy.  The  purpose  of  REG  2  and  the  base  model  is  to 
provide  general  estimates  for  a  wide  variety  of  airframes. 

The  REG  3  model,  which  is  specifically  designed  for  a  particular 
airframe,  shows  consistent  results  when  compared  to  the  actual  values.  This 
development  suggests  promise  for  generating  other  specifically  designed 
CER  equations,  in  lieu  of  general  CER  equation. 
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CHAPTER  V 


SUMMARY,  IMPLICATIONS,  AND  RECOMMENDATIONS 

The  purpose  of  this  thesis  was  to  examine  existing  RDT&E  airframe 
cost  estimating  models,  and  to  compare  the  results  of  a  base  model  with  a 
thesis  generated  model.  The  intent  was  not  to  discredit  any  existing  model, 
but  to  help  pave  the  way  to  more  accurate  cost  estimating. 

Summary  of  Methodology  and  Findings 

The  methodology  utilized  in  this  thesis  was  first  to  examine  the  data 
base  that  was  to  be  utilized  during  the  statistical  analysis.  The  data  base 
was  initially  examined  for  accuracy  and  reliability  and  was  found  to  be  the 
most  accurate  and  reli.  le  available.  Next  the  data  was  reviewed  in  terms 
of  logic.  The  analysis  consisted  of  developing  expected  logical  relationships 
between  the  independent  and  dependent  variables.  The  expected  logical 
relationships  were  then  compared  to  the  computer  generated  regression 
equations,  and  were  found  to  represent  logical  estimates  of  the  dependent 
variables. 

The  first  statistical  procedure  was  factor  analysis  which  was  used  to 
determine  the  airframe  groupings  to  be  utilized  during  the  regression 
analysis.  The  factor  analysis  indicated  that  the  regression  grouping  should 
consist  of  three  distinct  groups:  one  group  for  fighter,  one  for  attack  and 
one  for  cargo.  The  factor  analysis  developed  these  groupings  based  upon  the 
independent  parameters  of  NZULT,  MAXMACH,  TOGWMAX,  and 
TWTAREA,  which  represented  the  size  and  performance  features  of  the 
airframes. 
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Following  the  factor  analysis  a  regression  analysis  was  conducted  on 
the  full  data  for  the  fighter,  attack,  and  cargo  airframes.  This  initial 
regression  analysis  served  as  a  point  of  comparison  with  the  base  model,  and 
was  called  REG  1  (Regression  analysis  one).  Next,  a  second  regression 
analysis  (REG  2)  was  conducted  utilizing  the  full  data  for  fighter,  attack, 
and  cargo,  but  interaction  terms  were  added  to  the  independent  variable 
data  set.  This  second  regression  analysis  resulted  in  a  higher  statistical 
explanation  of  variance  then  did  the  REG  1  analysis.  The  third  regression 
analysis  (REG  3)  was  conducted  utilizing  only  the  data  set  for  fighters.  The 
data  set  was  limited  to  fighters  only  based  upon  the  results  of  the  factor 
analysis.  Additionally,  a  fourth  regression  analysis  (REG  4)  was  conducted 
utilizing  the  fighter  data  set  and  interaction  terms.  Both  REG  3  and  REG  4 
resulted  in  basically  the  same  regression  equations.  Therefore,  the 
interaction  terms  in  REG  4  did  not  explain  any  more  variance  than  did  the 
initial  independent  variables. 

After  the  regression  analysis  had  been  completed  a  comparison 
between  the  regression  equations  REG  2,  REG  3,  and  the  base  model  was 
conducted  on  the  data  set  for  fighters.  This  comparison  was  conducted  on 
only  the  fighter  airframes  based  upon  the  results  of  the  factor  analysis  and 
the  fact  that  REG  3  was  based  solely  on  the  fighter  data  set.  The 
comparison  indicated  that  the  REG  3  regression  equation  is  a  more  accurate 
estimator  of  the  actual  fighter  dependent  variables  than  either  the  REG  2 
model  or  the  base  model. 

The  statistical  procedures  support  the  hypotheses  stated  in  Chapter  I, 
that  a  unique  cost  estimating  relationship  (CER)  exists  for  each  airframe 
group  (fighter,  attack,  and  cargo)  and  that  the  unique  CERs  would  result  in 
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more  accurate  cost  estimating.  This  indicates  that  the  development  of 
separate  CERs  is  necessary  to  more  accurately  estimate  RDT&E  airframe 
costs  for  the  three  groups. 


Implications  and  Recommendations 

The  implications  and  recommendations  of  the  research  are  sum¬ 
marized  in  four  specific  ideas.  First,  accumulate  data  to  further  refine  the 
model  generated  by  this  thesis  team  (REG  3).  The  current  REG  3  regression 
equations  are  in  the  state  of  infancy,  and  require  firm  support,  so  that  the 
equations  may  become  more  accurate  and  verified  by  the  passage  of  time 
and  test. 

Second,  accumulate  data  to  generate  airframe  specific  regression 
equations  for  both  attack  and  cargo  airframes.  With  a  data  base  of  only 
four,  both  the  attack  and  cargo  data  bases  are  in  need  of  expansion.  Once 
the  data  base  has  been  developed,  airframe  specific  regression  equations 
may  be  developed  that  could  possibly  be  more  accurate  than  the  general 
equations  currently  utilized  to  develop  cost  estimates. 

Third,  the  RDT&E  model  should  be  used  in  conjunction  with  produc¬ 
tion  and  O&S  cost  models.  Several  existing  models  attempt  to  predict  the 
life  cycle  cost  of  a  system,  but  these  models  lean  heavily  on  the  production 
and  O&S  phases.  While  it  is  true  that  most  of  the  actual  costs  occur  during 
the  production  and  O&S  phases,  most  of  the  design  decisions  occur  during 
the  RDT&E  phase  of  an  acquisition.  Therefore,  Production  and  O&S  models 
must  be  successfully  meshed  with  an  RDT&E  model,  so  that  the  influence  of 
a  change  during  the  RDT&E  phase  of  a  program  can  be  observed  in  the 
Production  and  O&S  phases.  The  process  of  meshing  all  three  phases  into 
one  coherent  model  can  provide  the  most  accurate  means  in  predicting  life 
cycle  costs. 
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And  finally,  the  research  initiated  by  this  thesis  needs  to  be  ex¬ 
panded,  especially  dealing  with  the  negative  beta  coefficients  that  surfaced 
in  REG  1,  REG  2,  and  somewhat  in  REG  3.  This  thesis  team  examined  the 
relationship  by  accomplishing  a  zero  line  scattergram,  in  which  the  data 
appeared  to  be  randomly  distributed  around  the  zero  line.  This  issue  was 
further  examined  by  accomplishing  a  regression  analysis  on  the  data  base 
using  the  arithmetic  values  for  the  independent  and  dependent  variables. 
This  regression  analysis  still  produced  negative  beta  coefficients.  There¬ 
fore,  this  thesis  team  recommends  that  the  data  base  be  examined  in  detail 
in  an  attempt  to  divulge  a  latent  problem  inherent  in  the  data  base.  This 
thesis  team  understands  that  every  data  set  has  some  problems,  and  the  data 
set  utilized  appears  to  be  the  best  available.  However,  the  problem  of  the 
negative  beta  coefficients  must  be  examined  from  every  angle. 

This  problem  can  possibly  by  rectified  by  accomplishing  a  regression 
analysis  using  the  factor  scores.  This  methodology  would  eliminate  the 
multi-collinearity  that  is  contained  in  the  data  base,  but  presents  the 
problem  of  accurately  defining  what  each  factor  actually  represents  in  the 
"real  world."  The  best  methodology  appears  to  be  a  combination  of  the 
methodology  presented  in  this  thesis  accompanied  by  the  aforementioned 
factor/regression  methodology.  This  would  allow  for  a  complete  explanation 
of  the  negative  beta  coefficients  and  perhaps  lead  to  positive  identification 
of  the  factors  developed  during  the  factor  analysis. 

Concluding  Remarks 

The  analysis  presented  in  this  thesis  represents  an  initial  step  in  the 
development  of  more  accurate  cost  estimating  equations  for  airframe 
RDT<5cE  costs.  The  statistical  analysis  indicates  that  separate  CERs  are  the 


next  logical  step  in  developing  models  with  increased  accuracy  in  cost 
estimating.  This  logic  is  contrary  to  the  procedures  utilized  in  previous 
studies,  but  is  supported  by  the  results  of  factor  analysis  and  regression 
analysis. 

The  accuracy  of  the  CERs  of  the  future  are  only  limited  by  the 
inability  to  obtain  verifiable  data,  and  the  inability  to  learn  from  the 
previously  developed  cost  estimating  equations. 
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1788*  CONSTAT  - 

11.359  3.282 

12.311 

.884 

[741* 

844* 


c 


mi* 

1821* 

1831* 


0 

o 

o 

o 


c 


1841*  VARIABLE ( S)  ENTERED  ON  STEP  4 
18SI*  TVTMEA  TOTAL  HCTTER  AREA 
1844* 


1*78*  MLTIPLE  1 

.9340  AMVA 

OF  SIM  SHARES 

KM  SO. 

F 

IMM  t  SHARE 

.0724  REGRESSION 

A.  14.531 

4.133 

10.811 

IBM*  STB  REV 

.4417  RESINAL 

11.  2.417 

.221  SIC.  .OM 

198B*  AH  R  SHARE 

.1241  COOT  OF  VMUBILITT  1I.3PCT 

191* 

1921*  V8RIAIU 

1 

S.E.  1 

F  SIC. 

KTA  ELASTICITT 

1938* 

1988*  PROTO 

.394 

.141 

17.717  .111 

.34339 

.24382 

1938*  TOCNMI 

.929 

.244 

14.532  .Ml 

.01319 

2.33484 

1940*  BOLT 

1.442 

•4T7 

9. 134  .812 

.42400 

.43538 

1970*  TVTARER 

.134 

.144 

1.139  .389 

.14392 

.21273 

1900*  CONSTMT  ■ 

u.ai 

3,  IS* 

12.443  .884 

1998*111171**000101  11/14/82  II.33.1S.  PACE 

2848* 

2818*  FILE  -  MM*  (CREATE!  ■  11/14/821 

7874*  _ _ _ _  _ _ ...... 


s 


99 


t 

( 

c 


SEP.  VAR...  OK 


2131s 

2«M» 

2151s 
2M> 

2*7*.  VNRIAHEISl  EMTEKES  01  STEP  5 
2***s  MIMCH  MI  MM  MCH  NMtEft 

;n< 


w  T  2  F  w  E  R  E  C  R  i 
OTHER  DIRECT  COSTS 


H<<4<<<<4< 


21H«  WJLTIPU  R 
2111*  R  SUMS 
21a.  STS  DEV 
213*.  ADJ  R  SOUARE 
214*. 


DP 


.9421  MOV# 

.MR*  RECRESSION  5. 

.45*5  RESIDUAL  If. 

.3334  COEFF  OF  VARIASILITT 


SM  SSUARES 
14.844 

2.1*2 

II.3PCT 


CAN  SO.  F 
3.349  14.125 

.211  SIC.  HI 


o 

215*.  VAIIA8.E 
214*. 

8 

S.E.  8 

F 

SIC. 

SETA 

ELASTICITT 

217*.  PROTO 

.544 

.14* 

14.388 

.M2 

.539*3 

.25(74 

2 IN*  TOCWAI 

.848 

.247 

11.772 

.(*4 

.74291 

2.13182 

o 

219*.  CULT 

1.154 

.522 

4.9*3 

.(51 

.54*94 

.52533 

221*.  TUTAREA  .212  .149  2.123 

221*.  MIMCH  .35*  .284  1.495  . 

2228=  CONSTANT  -11.318  3.223  lt.249  . 

223*. 

224*. 

225*=  AU.  VARIABLES  ARE  IN  THE  EQUATION. 

224*. 

227*. 

228*. 

229*.  COEFFICIENTS  AND  CONFIDENCE  INTERVALS. 
23H> 


.185 

249 

**9 


.19784 

.17823 


.38847 

.*1194 


231*.  VARIAILE 
232*. 

8 

95  PCT  C.I. 

233*.  PROTO 

.5441 

.2545 

.8774 

234*.  70CUM1 

.8483 

.2974 

1.3992 

235*.  N2ULT 

1.1559 

-.**72 

2.319* 

234l>  TUTAREA 

.21M 

-.12*1 

.5441 

237*.  MIMCH 

.35(3 

.288* 

.98*4 

238*.  CONSTANT 

•M.3184 

-17,499* 

-3.1371 

239*. 

24**. 

24t».  VARIANCE/COVARIANCE  MTRII  Of  ME  UNN0RMLI2ED  RECRESSION  COEFFICIENTS. 
242*. 

243*. 


c 

c 

o 

9 


244**  HZULT 

.2725* 

2451*  MIMCH 

-.*4499 

.(1214 

244**  TVT4NEA 

-.#177* 

.*1354 

.*2221 

247*.  TOCWAI 

.1(294 

-.11185 

-.*1747 

.(4113 

241*.  PROTO 
249** 

-.(3lti 

-84441 

.**3*2 

-.*1542 

.*1955 

25W* 

44ZTJLT 

MIMCH 

TUTAREA 

TOCWAI 

PROTO 

251*. 

252*. 

23M.IMTIAI  RECRESSION 
254*. 


*1/14/82  1*. 33.15.  PACE 


FOE  - 


(CREATED  -  *1/14/821 


B»f*«««4  44 

238*. 

259*.  8EP.  (MR...  DC 


IULT  IPlE  IECIE8S  I  i 
OTTO  IINECT  COSTS 


Ul*. 

242*.  SURMAT  TMU. 
243*- 


o 

244**  STEP  VARIAILE  E/» 

F  NBLT-R  R-M  CHWCE 

1 

OCAALL  F 

tic. 

245** 

c 

244** 

1  PROTO 

E 

19.84*  .759  .574  .574 

.759 

19.(48 

.(*1 

247*. 

2  TOCWAI 

E 

8.SW  .843  .744  .148 

.411 

18.938 

.IN 

7MM> 

9  .WHIT 

-F._ 

- L»LJ»  M  "9 

1M 

...’A  4U 

.  AN* 

100 


;»i#=  «  wi  i  i.i3i  .134  .»?; 

2?#«*  5  NAINACH  £  1.415  .143  .884 

271|.|INITI8L  RECESSION 

:7t». 

273*.  FILE  •  MOMS  ICKERTQ  -  •1/14/82) 
274#* 

275#*  4444444 

2741* 

277#* 

..  m#*  residual  riot. 

*-  271#* 


.113 

.117 


.215 

.315 


18.81# 

14.12! 


11/14/12  11.33.15.  RACE 


U  L  T  I P  L  E  RECRESSIOI 


2Mt* 

281#* 

!  VALUE 

T  EST. 

RESIDUAL  -2SS 

l.t 

o 

2*2*> 

2.815 

2.151 

-.145 

2334* 

2.47k 

2.254 

.221 

I 

2844* 

3.57J 

4.41# 

-.834  . 

I 

o 

285»* 

4.413 

4.585 

.(28 

2844* 

k.2f* 

5.775 

.434 

I 

( 

2*7#= 

3.448 

3.3*7 

.141 

1 

28M* 

4.711 

4.577 

.134 

I 

289#* 

4.281 

4.857 

-.577 

I 

21H* 

4.847 

4.711 

.135 

I 

211#* 

2.131 

2.8*8 

.123 

1 

212*  * 

5.371 

5.211 

.154 

1 

213#* 

4.551 

5.247 

-.717 

I 

214#* 

5.3(1 

5.131 

.17# 

I 

215«* 

5.145 

4.945 

.24# 

I 

21k#* 

5.312 

5.(83 

.224 

I 

L 

217#* 

5.9(1 

5.423 

.278 

I 

♦2SD 


f  PERCENT  OF  THE  T0T4L 


DURBIN-IMTSOM  TEST 


21M* 

2111*  MOTE  •  (4)  INDICATES  ESTIMTE  CALCULATED  WITH  REAMS  SUBSTITUTED 
L  3«N*  A  INDICATES  POINT  OUT  OF  DANCE  OF  PLOT 

3111* 

3«2I* 

'  3131*  MURDER  OF  CASES  PLOTTED  14. 

314#*  NURSED  OF  2  S.D.  OUTLIERS  I  OR 

3#5#* 

C  3141*  VON  NEUMANN  RATIO  2.4372* 

3*71* 

3*B#»  MURDER  OF  POSITIVE  RESIDUALS  12. 

(  3*10*  NURSED  OF  KCATIW  RESIDUALS  4. 

31*#*  NURKD  OF  RUNS  OF  SIGNS  8. 

3UI* 

312#*  NORMAL  APPROIIRATIOM  TO  SIGN  DISTRIBUTION  [(POSSIBLE. 

313**  USE  A  TABU  FDR  EXPECTED  VALUES. 

_  314#* 1  INITIAL  RECRESSIOR  *1/14/82  tf.33.IS. 

O  315*. 

314**  FILE  -  NOMAME  (CREATES  -  *1/14/821 
317#* 

o  318#-  444444444MULTIPLE  RECRESSI0M444 

IIW* 

_  32W*  DO.  VRR...  DAWAT  MANUFACTURINC  MATERIALS 

®  HI#* 

322*i  CM  RESPOKE  f.Rtfl  STB.  DEV.  .7(2*4 


28488 


PACE 


324*. 

325#* 

3244* 

327#* 

32N* 


VRDIAtLElS)  EVTEKB  OM  STB  1 
PROTO  NUKD  OF  PROTOTTPE  AIRCRAFT 


MULTIPLE  D  .5142  AMOVA 

D  SOUADE  .3554  REOKItlM 

STB  DEV  .5*41  DOIMAL  14. 

AIJRSOUAK  .31*4  COEFF  OF  VRMAIILITT 


9  SUM  SOUMES  KAN  SO.  F 
I.  2.4*4  2.434  7.721 

4.777  .341  SIC.  .*15 

14.SPCT 


331(* 

332#* 

333** 

334*1 


VNIACi  |  U.  I 

mm _ 312. . .  —Lit. 


F  SIC.  KTA  ELASTICITY 

T.7JR.  JRK. _ 1R4LT  'Nil 
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3354*  CONST ART  3.254  .315  146.754  .444 

T  3344* 

3374* 

3344* 

<-  3344*  . . 

Wli 

.  3414*  VMIAHE1S)  ENTEIEt  OR  STEP  2 

(-  3424*  TOtWM  RAI1RUR  TAKEOFF  CROSS  UEIC44T 

3434* 

3444*  4ULTIPU  8  .  7434  MOV*  DP  SUM  SOMES  KM  SO.  f 

c  3454*  I  SflUARE  .4341  REMESS i 04  2.  4.674  2.335  11.174 

3444*  ST1  DEV  .4542  RESIDUAL  13.  2.741  .211  SIC.  .MI 

3474*  44J  R  Stml  .5732  CKFF  Of  VARIA4UI T1  1J.IPC7 

®  3444* 


3444*  VARIABLE 
_  3544* 

8 

S.E.  i 

F 

SIC. 

BETA 

ELASTIC'.!' 

~  3514*  PROTO 

.341 

.111 

12.472 

.444 

.54568 

.14225 

3524*  TOCNHAl 

.374 

.124 

4.656 

.440 

.52414 

1.14345 

3534*  CONSTANT 

-.454 

1.375 

.477 

.542 

3544*1  INITIAL  RECESSION  41/14/42  14.33.15.  PACE  4 

3554* 

3564*  PILE  -  NONA*  1  CREATES  -  41/34/42) 

3574* 

3584*  imiim  R  U  L  T  I  P  L  E  R  E  C  A  E  S  S  I  0  N  *  •  *  *  «  *  *  »  ♦ 
3544* 


36M* 

DEP.  VAR... 

NANRAT 

RMUFACTURIRC  MTER1ALS 

3611* 

3628* 

VARIABLE (SI  ENTERED 

ON  STEP  3 

3634* 

NZULT 

ULT1NATE 

LOAD  FACTOR 

3644* 

3654* 

HULTIPU  R 

.4247 

A NOW 

bp  sun  sums 

KEAN  St.  F 

3664* 

R  SQUARE 

.0643 

RECRESS10N 

3. 

6.415 

2.135  25.474 

3674* 

STS  DEV 

.2845 

RESIDUAL 

12. 

l.MS 

.M4  SIC.  .AM 

3684* 

ADJ  R  SQUARE  .8344 

COEFF  OF  VRRIADIUTT 

7.2PCT 

3644* 

37M* 

VARIABLE 

8 

S.E.  8 

F 

SIC. 

BETA  ELASTICITY 

3714* 

3724* 

PROTO 

.176 

.884 

4.364 

,854 

.26813  .18654 

3734* 

T0CMA1 

.886 

.136 

42.634 

.144 

1.24475  2.47M4 

3744* 

CULT 

1.334 

.243 

24.714 

.141 

.92442  .67255 

3754* 

CONSTMT 

•8.481 

1.466 

21.863 

.Ml 

3744* 

3774* 

3784* 

3744*  •  <  *  <  «  4  *  «  <  «  i  •  «  <  f  « 
39M* 

O  3814*  VMIAHEISI  ENTERED  ON  STEP  4 


3424*  RAIAACH  NAIllMl  MCH  NURBER 

0 

3834* 

3444*  WLTIPLE  R 

.4547  ANOVA 

OF  SUM  SQUARES 

REM  SO. 

P 

3C54*  1  MMIE 

.4114  RECRESSIO* 

*.  *.75* 

1.648 

28.246 

34A4*  STI  DEV 

.2443  RESIDUAL 

11.  .*5* 

.161  SIC.  .844 

o 

3f7*>  AU  R  SQUARE 

.1742  COEFF  OF  VMIM1LITT  4.IPCT 

1M>  VWIAAU 

1  S.E.  1 

F  SIS. 

BETA 

EUST1CIT1 

o 

34M* 

3414*  PROTO 

.134  .173 

3.3*3  .144 

.244*4 

3424*  TOCNNI 

.144  .11* 

53.773  .4*1 

1.1874* 

I !  34321 

0 

3434*  NZULT 

1.1*7  .271 

15.535  .442 

.734*4 

.53115 

3444.  MIMCN 

.331  .115 

5.154  .4)4 

.24*81 

.41326 

3454*  COKTMT 

-7.4*4  1.71* 

21.ni  .441 

0 

3964.IIIITIAL  CCtESSIU 

4i/i*/i: 

11.33.15.  PACE 

3474* 

_  34*4.  file  -  mm  (ocita  -  tim/tti 

c  1411. 

4444,  *.t.l.(L4J_4_OJUIJ_U-PJ  .P  •  »  P  e  »  r  J5 .4  J  0  » 
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( 

0 

o 

r 


4#;** 

4(21*  SEP.  VM...  WWMT 
4#3(* 

4#4#*  VMIULE(S)  ENTERED  ON  STEP  S 
«*■  TUTAREA  TOTAL  NETTED  AREA 
4#4#» 


NANUFACTURINC  AATER1ALS 


/  *. 

417#*  MH.T1PLE  R 

.4573  ANOVA 

OF  SUN  SDUARES 

CAN  St. 

F 

4M«*  R  SOU  ARE 

.4144  REGRESSION 

3. 

4.741 

1.358 

21.424 

4#M*  STD  DEV 

.2444  RESIDUAL 

It. 

.414 

.#42  SIC.  .IM 

41M*  ADJ  A  S8UARE 

.1744  COEFF  OF  VARIAIIL1TT 

4.2PCT 

G 

411#* 

412#*  VAN  I RILE 

i 

S.E.  1 

F 

SIC. 

BETA  ELASTICITT 

413#* 

o 

414#-  PROTO 

.124 

.ri 

2.45# 

.135 

.18813 

.#4172 

4i5#>  rocwui 

.#47 

.134 

44.7*4 

.It# 

1.25443 

2.5(17# 

414#*  (BUT 

1.117 

.283 

15.544 

.M3 

.77414 

.54325 

o 

417#*  NAIAACH 

.312 

.155 

4.127 

.173 

.25385 

.(1182 

418#*  TVTAHEA 

-.142 

.##1 

.544 

.458 

-.84321 

-.127(4 

41V#*  CONSTANT 

-8. 11# 

1.75# 

21.434 

.Ml 

( 

42##* 

421#* 

422#*  Ml  VM1RM.ES  ME  IN  THE  EMJRTIM. 
423#* 

4241* 

4251* 

42U*  COEFFICIENTS  AM  CONFIDENCE  INTERVALS. 
4271* 


42M-  VARIABLE 
424#= 

1 

45  PCT  C.I. 

43M*  PROTO 

.1234 

-.(454 

.2427 

431(*  TOCNHAI 

.8473 

.5483 

1.1444 

432#*  NZULT 

1.1172 

.4858 

1.7*85 

4331*  MINACH 

.312# 

-.(344 

.4585 

434#*  THTRREA 

-.#425 

-.2427 

.1178 

435#*  CONSTANT 

-e.iMt 

-11.44*2 

-4.2#14 

434#* 

4371* 

43M*  VARIANCE/COVARIANCE  MATRIX  OF  THE  UNNORML12ES  REGRESSION  COEFFICIENTS. 
434#* 

44M* 


< 

0 

4411*  NZULT 
442#*  NMMCH 
443#*  TVTAHEA 
444#*  TOCNHAI 

.18(24 

-.#147* 

-.((522 

.(3(33 

.(2418 

.#•344 

-.##555 

.##454 

-.##521 

.118(1 

445#*  PROTO 

-.M414 

-.M14I 

.MI13 

-.##454 

.((574 

c 

444#* 

447#* 

NZULT 

NAIMCH 

TVTAREA 

TOCNNAI 

PROTO 

0 

44M* 

444#* 

43##»1II!T1AL 

NECNESSION 

(1/14/12 

K.33.1S. 

451 1* 


PACE  tl 


FILE  - 


(CREATED  -  11/14/12) 


45tf>  DEP.  DM...  AANMT 
457#* 

45M* 

(5*  SUMMIT  TRUE. 


IVITIPIE  RECRESS  101 
NANUFACTURINC  HATER1ALS 


441#*  DIET  VARIMLE  E/I 

F  NULT-R  R-SR  CHANCE  R 

OVERALL  F  SIC. 

0 

442#* 

443#* 

1 

PROTO  E 

7.721  .544  .355  .355  .544 

7.78  .(IS 

c 

444#* 

2 

TOCNNAI  E 

4.454  .744  .431  .275  .525 

11.(74  .M2 

445#* 

3 

NZULT  E 

21.71#  .43#  .144  .234  .(51 

25.474  ,(M 

4441* 

4 

NAINAMi 

- SJSL-4S5.-5ll-.J47  .445 

♦t  m  .AM 
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c 

c 

o 

<? 


c 

c 

(' 

( 

c 


447*  5  TUTAREA  E  .594  .957  .  914  .H5  .111  21.974  .HI 

44MM1A1T1AI  REGRESSION  11/14/12  11.33.15.  PACE  12 

44H> 

47H*  f  ILE  •  NAME  1CKITQ  -  11/14/821 
4711* 

4721*  4»«i*»»**RULT1PL£  RECRESSIOH********* 
4731* 

4741* 

473*  RESIDUAL  PLOT. 

474#* 


4771* 

T  VALUE 

T  EST. 

RES18UAL  *2S8 

(.8 

478* 

479* 

3.438 

3.199 

.339 

I 

4M* 

2.784 

2.955 

-.149 

.  I 

4*1* 

3.9*8 

4.155 

-.147 

1 

4*21* 

3.873 

3.482 

.192 

I 

4*3(> 

5. 151 

5.138 

.111 

I. 

484** 

3.288 

3.272 

.117 

1. 

485#* 

4.385 

4.285 

.199 

I 

4841* 

3.911 

4.314 

-.413 

1 

487* 

4.251 

4.321 

-.171 

.  1 

4881* 

3.M8 

3.133 

-.125 

.  1 

4891* 

4. Ml 

4.552 

.249 

: 

49M- 

4.442 

4.532 

.131 

I 

4911* 

4.248 

4  41 

-.193 

I 

4928* 

3.857 

3.785 

.172 

I 

4931* 

3.731 

4.119 

-.289 

I 

4941* 

5.244 

5. 141 

.187 

I 

4951* 

4941*  ROTE  -  l«l  INDICATES  ESTIMATE  CALCULATED  WITH  IEWS  SOSTITUTED 

4971*  ft  IKRICATES  P01RT  OUT  OF  MIKE  OF  PLOT 

4981* 

4991* 

5HI*  RUBBER  OF  CASES  PLOTTED  14. 

Mil*  WHOER  OF  2  $.0.  OUTLIERS  I  OR  I  PERCEPT  OF  TIC  TOTAL 
5121* 

513#*  VO*  NEUMW  RATIO  2.4*519  9URIII-MTS0*  TEST  2.25417 

5*41- 

SIM*  HUMER  OF  POSITIVE  RESIDUALS  9. 

5141*  MIRIER  OF  RECATM  RESIDUALS  7. 

M7I*  MJRKR  Of  RUB  Of  SICAS  9. 


M9I*  RORRAL  APFROIIMTION  TO  SIC*  DISTRIWTIOR  IWOSSIILE. 

C  S1H*  USE  A  TMLE  FOR  EXPECTED  VALUES. 

51 1I<1 INITIAL  RECRESS I OR  11/14/82  11.33.15.  PACE  13 

5121* 

O  513#*  FILE  -  HOMME  I CREATED  -  11/14/82) 

514#* 

_  515#*  n»in»it|UlTIPlE  RECRESS10R»4»»4«.i» 

O  51 4#* 

5178*  ar.  VAR...  RMF  RMUFACTUIIHC  HOURS 
.  ]» 

9  519*  KM  RESPONSE  '  3.71591  STD.  DEV.  .45448 


_  321*  VMIAHilSI  EMTEREB  OR  STEP  I 

o  522#*  TOCWAI  MIIRUR  TAKEOFF  CROSS  UEICHT 
523f* 

524#*  RULTIPLE  I  .5M2  INOVA  OF  SUR  StUARES  KAN  SI.  F 

o  5231*  I  SOUAK  .1413  IEC8ESSI0*  1.  2.184  2.194  7.253 

524I*  STl  DEV  .35H  RESIMML  14  .  4.235  .  313  SIC.  .117 

A  5274*  4SJ  R  SttJME  .2942  C8EFF  OF  VMIfBIUn  14.8PCT 
o  521#* 

529#*  VMIMU  I  S.E.  I  F  SIS.  KTA  ELASTICITT 


C1  5311*  TOCWAI  .319  .144  7.233  .117  .58418  1.17771 

9W#»  WTIRT _ -  499 _ 1*4  **7 _ 
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5378* 

53M*  VARIABLES  CKTERED  ON  STEP  2 

5371*  CULT  ULTINATE  LOAD  FACTOR 

SAM* 

Mil*  NULTIPLE  R  .8047  RMVA  IF  SUN  SQUARES  CRN  St.  F 

540*  R  StURRE  .7754  RECRESSION  2.  4.484  2.493  22.44] 

5431*  STB  KV  .3332  RESIDUAL  13.  1.443  .111  SIC.  .IM 

5441*  MJ  R  SQUIRE  .7411  COEFF  OF  VAR1AJIIITT  9.IPCT 
5451* 


5444*  VRRIA8LE 

8 

S.E.  8 

F 

SIC. 

BETA 

ELASTICITY 

5474* 

5814*  TtCNMI 

.924 

.138 

44.847 

8M 

1.39241 

2.88429 

5494*  CULT 

1.41! 

.279 

25.154 

.AM 

1.14254 

.74819 

SSM*  CONSTANT 

-9.541 

2.824 

22.144 

AM 

SS1I*1INITIAL  RECRESSIM  11/14/82  11.33. 15.  PACE 

5521* 

5531*  FILE  -  ttONAHE  ICREATED  •  11/14/821 
5541* 

5551*  tunimmuTmE  RECRESSION******* 
5541* 

5571*  8?.  VAR...  MNF  MNUFACTUR1NC  HOURS 
5584* 

5591*  VARIAILE(S)  ENTERED  ON  STEP  3 
5444-  NAINACH  NA1INUA  UCH  NUN  SEP 
5414* 

5421*  NULTIPLE  R  .9293  ANOVA  DF  SUN  SQUARES  KAN  S8.  F 

5434*  R  SQUARE  .8437  CCKSSION  3.  .  5.553  1.851  25.343 

5444*  STD  DEV  .2742  RESIDUAL  12.  .874  .173  SIC.  .Ml 

5454*  ADu  R  SQUARE  .8294  COEFF  OF  VARIABILITY  7.3FCT 

5444* 


5474*  VARIABLE 

8 

S.E.  8 

F 

SIC. 

BETA 

ELASTICITY 

5484' 

5494*  TOCNMI 

.844 

.114 

52.494 

.4M 

1.24245 

2.54549 

57M*  NIULT 

.971 

.274 

12.549 

.444 

.72212 

.53195 

5714*  NAINACH 

.433 

.154 

7.757 

.114 

.37853 

.81785 

5724*  CONSTANT 

-7.743 

1.743 

19.385 

.Ml 

5734* 

5744* 

5754* 

5744*  ****•*•****•*••**♦•*#*******••*•*< 
5774* 

5784*  VARIAILEISI  ENTERED  ON  STEP  4 
5794*  TNTAREA  TOTAL  VETTO  MEA 

5844* 

5414*  NULTIPLE  8  .9449  ANOVA  OF  SUN  SQUARES  CAN  SQ.  F 


5824*  R  SQUARE 

.8152  RECRESSION 

4. 

5.491 

1.423 

21.215 

5434*  STI  OEV 

.2598  RESIDUAL 

11. 

.730 

.447  SIC.  .4M 

5444*  AU  R  SQUARE 

.M35  COEFF  OF  VMIAIIL1TT 

7.4PCT 

5044*  V8UAILE 

1  S.E.  1 

F 

SIC. 

BETA  ELASTICITY 

5874*  ' 

5444*  TOMA! 

.921  .125 

54.294 

.IN 

1.34*57 

2.79127 

5494*  CULT 

1.435  .247 

15.154 

.443 

.74997 

.M727 

59M*  NAINACH 

.351  .144 

4. M2 

.454 

.34447 

.814*7 

5914*  TNTAREA 

-.119  .413 

2.447 

.174 

-.I9N42 

-.24319 

5924*  COOT  ANT  -7.419  1.494 

S934-1IIIT1R8.  RECRESSION 

21.442 

.411 

ll/IA/tt 

11.33. 15 

PACE 

5 w#»  off.  m...  nm  mnufacturinc  hours 

6444s 

6414-  VAAIAILEISI  ENTERED  01  STEP  5 
6424-  PROTO  NUOER  OF  PROTOTTPE  AIRCRAFT 
'  4434* 

4444s  AUlTIPtE  R  .4444  MOM  OF  $(JR  SOUARES  CM  SQ.  F 

4454s  R  SOU  ME  .0449  REGRESSION  *.  5.754  1.151  17.136 

<-  4444s  SHI  DEV  .2594  RESIDUAL  It,.  .475  .  440  SIC.  .444 

4474s  Mg  R  SOUARE  .0424  COEFF  OF  MRIM1LITT  7.4PCT 


c 

4444s 

4444s  VMIA1LE 
4144s 

B 

S.E.  B 

4114s  T0CNRAI 

.841 

.144 

o 

4124s  R2IR.T 

.914 

.244 

4134s  MIMCH 

.324 

.142 

4144s  TVTAREA 

-.144 

.444 

o 

4154s  PROTO 

.474 

.479 

< 

4144s  CONSTANT 
4174s 

4184s 

-7.147 

1.827 

4144s  ALL  VARIABLES  ME  IN  THE  E0UATS0N. 


F 

SIC. 

BETA 

ELAST1CITT 

37.734 

.444 

1.29424 

2.44922 

9.538 

.411 

.67985 

.54488 

4.434 

.472 

.28481 

.41343 

1.519 

.244 

-.14478 

-.23419 

.923 

.359 

.12446 

.44468 

15.344 

.443 

c 

( 


c 

( 


< 

o 

o 


4244s 

4214s 

4224s 

4234s  COEFFICIENTS  MD  CONFIDENCE  INTERVALS. 

4244s 


6254s  VARIABLE 
4264s 

B 

95  PCT  C.I. 

6274s  T0CNHAI 

.8448 

.5486 

1.1731 

4284s  NIUIT 

.9138 

.2545 

1.5734 

4294s  NAINACH 

.3261 

-.4357 

.4876 

4344s  TUTAAEA 

-.1441 

-.2923 

.4841 

4314s  PROTO 

.4761 

-.1144 

.2527 

4324s  C0NSTMT 

-7.1673 

-11.2376 

-3.4974 

4334s 

4344s 

4354s  VARIANCE/COVARIANCE  MTRlt  OF  TC  UNN0RRALI2ED  REGRESSION  COEFFICIENTS. 

4344s 

4374s 


6304s  NZULT 
6394s  MIMCH 
6444s  TVTAREA 
6414s  TOCHHAI 

.48754 

-.12152 

-.44569 

.13347 

.42636 

.44435 

-.44646 

.44714 

-.44568 

.41964 

6424s  PROTO 

-.14999 

-.14248 

.HI  23 

-.44495 

.44628 

6434s 

4444s 

NZULT 

MIMCH 

TVTAREA 

TOGHMI 

PROTO 

6454s 

6444s 

6474s 1  INITIAL  REGRESSION 

6404s 

41/14/82 

14.33.15.  PACE 

4444s  FOE  •  NONAC  (CREATED  -  11/14/82) 


14 


4514* 


ULTIPLE  REGRESS10 


4S»  DEP.  VAR...  MMF  WNUFACTURIM  HOURS 
o  4544* 

4534s 

_  4544s  SMNMRT  TAKE, 

o  4374* 


6344s  STEP  VMIAHE  E/I 
6394s 

F  HULT-R  R-SO  CHANGE  R  OVERALL  F  SIC. 

6644* 

1  TOCVMI  E 

7.233  .344  .341  .341  .344 

7.233  .417 

6614s 

2  SUIT  E 

23.136  .881  .776  .434  -.436 

22.461  .444 

6624s 

3  MIMCH  E 

7.737  .929  .864  .488  .442 

23.343  .444 

6634s 

4  TVTAREA  E 

2.467  .941  .845  .422  .141 

21.213  .444 

UUt 
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_9 _9AA  •<*  9*8  .. 

.12  198  «M 

106 


I 


-.•8=  - -  v.-*5=t  ' T •  81.  15.30. 

•:  .53* 

■bt,i-  •**•**•***. < 

3=73= 

5e£3= 

iHi-  -ir.:.-. 

'  <3-00 


»;:«■- 
0708= 
0708= 
£7*8= 
i’:3= 
»  £74i= 

£77#= 

0753= 
*  ;;w= 

»3* 


,  3 


t3* 


:-{  = 

'  tr ; 
<  .8= 


-..3* 
'  - 7 1 


tr 

:  -i 

£0: 


J.i 


•  :r 


-  »:  ‘.A  ..  -■  *--3.»=  -•  -fc. 


;■*£=  S .  3  3  <  0*  0.  3,0,  O.*.03<3 
09‘8* 

<«?*  «o*  .o,*5v.  :;‘:c  ;.o:.;. 

:<:*  = 

7  :.;s:t;,5 

*005*0,0  oo-o; 

:-■ =..•  :•  <::v; 


..  :<  •••oooo1.*  :< 


;;«* 

;3.?=  *.* 

<3;8= 

5808*  r:3"0J=,':o. 

<8*8=  .35 <  •;•.£  705  unri:  ^.r.i. 

ii ;3* . . SO* I 5£O?tS30'04  8l'l*i£i  .8. 33 • .5 . 

848= 

:.e  -  >iOvi=£  .o<35'£:  . 


M  (  t  M  (  t  w  .  .  '  !  !  :  5£05£:  3004**»*«***« 

00- .  VA3...  0«O  EAvOBtOOOs;  ^0j50 

1.98598  3*0.  DE*.  .'31*3 


<3  7i 
-i-l 
;#<« 

:,8? 

;..i> 

9.08 

913#*  BEAB  5££?0lli-: 

?;*»= 

9  9151*  UAR05E..E131  Os’OOOO  04  3”?  1 

9148*  SR j"0  RUBEE5  0*  P53TOTT-0  505055-' 

%  9171* 

9181*  AUl‘0?.£  5  .5787  5SJUA  0-‘  SUB  3JUA5E0  BEAM  $3. 

9:)#*  5  30.550  .3157  RECRESSI0*.  1.  £.98*  0.96*  b.'ii 

9088*  J'C  009  .69*0  REjOOyA.,  1*.  4.177  ,**i  OOC.  .001 

9018=  *lj  5  SiyARE  .0774  00057  ,;r  VAAIAEO’JTT  3A.950* 

3008* 


9003* 

<0*8* 

VAR0i£*£ 

£ 

3.E.  £ 

z 

si;. 

££75 

<058* 

••iw  - 

.*'.7 

..48 

4.743 

.801 

.578 

=.»8* 

<078* 

1.80; 

.350 

9.188 

.889 

J 


110 


*AX.*.»  «i.v* 

:  ;.|f: 

::c* i  :  . :»2C  ->!'•  5*  : 

:  ii.i**  .  c  3 

>✓71=  :*r  i£»  .!li:  .: 

?*$#*  43.  4  !jt“  !:  •  4n;-£.'..." 

s:;#* 


mm* 

91.1* 

i 

=.£.  3  • 

:.3. 

Mil*  stir: 

.•.t 

. 1  * .  ... 

■  3.M  .5V:: 

94$#= 

:  *  e 

.55-- 

Mil* 

..‘(I  -,.i  : : 

•*  . 

•*:?•■..  ..  ’:.  * :: 

:.v’» 

t.  •  '  .  !  .  . 

:.6#, 

•imis  ::.i  -  MCv-^£ 

-:r 

4*-:  - 

-•?*:  4  4  4  4  4  4  4 

♦  4  * 

*  •  :  :  :  : 

'.*{  ■■  »  4 

•5ii* 

« 

EsOi^'Ai  -3.  * : 

■r.i-  i  -n 

‘ 4  :-r:  : 

. 

-  "k 

5 

-?*;w  :• 

:f“<*  ;  :i-.4;5 

■-  -•'* 

:5i*8  i'l 

.>.3 

--  --- 

•  -3.  ' 

.3191 

*  .*  * - * 

1  *• 

: 

i.i.  : 

: .  .  zi  • 

:  .3*s 

v*i*  J:r: 

.::i 

.!-• 

~3-3-ir-* 

.:3  37.-**. 

.tit 

*-.*#*  \3..’ 

,‘i! 

fciti 

-*•?*  ::*:•:••  • 

2.3:i 

'0*1* 

:;##s  4  4  4  4  4  4  ♦ 

4  4  4 

1444444444 

:  • .  it- 

:i=  \  i 

L*iV 

3.  i*::  : 

97:1*  ‘I 

*1 

-» 

V-”!* -E  : 

.  *  l ;  • 

a  ;r  :• 

►  :i.i=E:  *£9'  : 

•-.i*  * 

.itl; 

:E3*E- i'.3s 

7.5i;  ..; 

«77 i*  r:  :i. 

.  *535 

:-EiI&o«. 

..55-.  .: 

•75( :  “  ;3w*f.i 

.*935 

j*  9-^.4;... . 

579#* 

9811* 

l 

z.i.  1  * 

SIC,  EE"- 

95  ;i* 

Mil*  ?tt~ 

.39 

.’.I* 

.175  ,iS5Z5 

9531*  70C5»6I 

.9;'. 

•Ml  :.:7£*s 

9SM*  *:..* 

:.:m 

.757  .l,»;5 

.5f-M 

9551*  VKEt 

.Me 

,;I5  .37. 

.555  .155-1 

:56i*  :;«**»* 

.2.1’* 

2.33:  26.376 

.Ml 

w$*::\r:K  ttnv.:\  iw*:  :i.3- 

5  551* 

939#=  ::.i  •  Howr*  ;:sEr*:  -  n-n/tti 

9911* 

991#*  ♦  »  4  n  n  «  *  i  ij  .  *  1  :  ►  ?  E  *  »l  t  >  :  !  i  i 

"■««  IE®.  vAR...  tW  ENCIHtEnlfcC  *OU*-S 


APPENDIX  D 
REGRESSION  REG  2 


114 


NMD-  £ 

C  NAND/TE8NINAL  NISMTCH 
AMRO-  EDITOR 
..F.TAI-i.14 

C  . .CET . R£C2  > 1D*DOIO 

IE  NARE  REC2  MS  KEN  RETRIEVED 
..t£T.F«,ID»IIOO 

C  IE  MN€  FA3  MS  KEN  RETRIEVES 
..RENIND.SPSS.FA3.REC2 
..SFSSiD«FA3iI>REC2.L0«ADRViL,N1  .M 


EDIT.N1.S 

ES  TRURCITEO-  CM»  72  CHMS.  LOMEST  UK  MS  75 
..F,CH»132 
..EDIT.Nl.S 
<•  ..L»A 


1M>1 

n»«s 

12l>  11/14/82  15.14.11.  FACE 

131*  VOCELAACK  CONPUTINC  CENTER 

AORTMUESTERN  UNIVERSITT 

SPSS--  STATISTICAL  PACKACE  FOR  THE  SOCIAL  SCIENCES 
VERSION  1.1  ••  JUK  18.  197? 


NUN  NANC  INITIAL  KCKSSION 
VAAIAILE  LIST  NZKT.MSMCH.rVTAREA.TOCHMI.PROTO 
EK.OK.NANMT.TOOL.MHF 
m  LAKU  N21A.T  ULTIMATE  LOAN  FACTOR/ 

NMNACH  NA1IMH  RACK  NBNKR/ 

TNTAREA  TOTAL  NETTED  AREA/ 

TKNNU  NAIIWN  TAKEOFF  CROSS  KICHT/ 
PHOTO  AMO  IF  PNOTOTTPE  AIRCtAFT/ 
OK  EKIKERIK  HOURS/ 

OK  OTIO  IIAECT  COSTS/ 

RAMtT  NANUFACTURIK  NATOIALS/ 

TOOL  TOOLINC/ 

tm  NNNUFACTWINC  NOUtS/ 

IWT  FONNAT  FREEFIEL1 

n  of  crocs  mam 

CONFUTE  EK*LA(EK) 

COMUTE  AK4JI0K) 

CONFUTE  TMLMITQOL) 

MMUTt  ■H.TjdJUMMAJi _ 


c 

c 

o 

o 


42»>  COMPUTE  NANF*LN(NANF) 

431*  COMPUTE  TUTAREA'UHTVTAREA) 

441*  COMPUTE  NZULT*LN(N2ULTI 

431*  COMPUTE  MAlNACM*LN!NtINACN) 

441*  COMPUTE  TOCMMI*LN(TOGMNAII 

471*  COMPUTE  MINMMIMCHtUXT 

40i*  COMPUTE  TT*TOCUNAM1YTAR£A 

4M*  COMPUTE  PROTO*LI (PROTO) 

3M>  REGRESSION  MIARLES*£NC.TOOL.NANF.NANNAT.OBC.NniZ.TT.PROTO 

Sit*  TUTAR£AiNAINACHiNZll.TtTOC#NAI 

321*  R£CAESS1CM*0DC  KITH  MIKZ * TT .PROTO . TOCHHAX . TliTAREfi 

331*  MlMACHiNZULT  (1) /R£SIO*« 

541*  R£CRE$SION*TOOL  WITH  MIMZ.TT .PR0T0.T0CBNAI.7IITAREA 

33f*  NAIHACHiNZULT  1 1 ) /RES!0*< 

541*  RECR£5S10N*MANF  WITH  MIMZ.TT, PROTO. TOCWMI.TIITMEA 

371*  NAINACHiUULTU)  /R£SID*I 

SOI*  R£CRESSIOM‘MANMAT  WITH  MIMZ.TT. PROTO. rOCNNAI.TUTAREA 

591=  NAZN4CHiNZULTll)/RESID*t 

4##*  R£CR£$SION*ENC  WITH  MIMZ.TT. PROTO. TOCUMAI. TUT AREA 

Alt*  NAINACHiNZULT  1 1 ) /RESIO'R 

421*  STATISTICS  ALL 

43f*  READ  IMPUT  DATA 

44t* 

431*  MA347M  CM  NEEDED  FOR  REGRESSION 
Ml* 

471* 

AM* 


15.14.11.  PACE 


e 

c 

c 

o 

o 

o 

0 

o 

r 


49f*  END  OF  FILE  ON  FILE  FA3 

7M*  AFTER  READINC  14  CASES  FROM  SUBFILE  NONANE 

71t*lINITlAL  REGRESSION 

721* 

731*  FILE  -  NONAME  (CREATES  - 

741* 

73#*  miimiiiMULTI 

11/14/82 

#1/14/02) 

P  L  E  REGRESS 

74t* 

771* 

781*  VARIABLE 

MEAN 

STANBWB  DEV 

CASES 

791* 

8M»  ENG 

1.9139 

.7815 

14 

811*  TOOL 

1.8112 

1.5599 

14 

821*  NAIF 

3.7139 

.4547 

14 

831*  NAMHAT 

4.1291 

.7129 

14 

841*  OK 

4.4497 

1.1239 

14 

831*  MINZ 

.4418 

I. 2318 

14 

841*  TT 

92.3931 

18.4892 

14 

871*  PROTO 

1.9814 

1.1713 

14 

881*  TVTAREA 

8.1944 

1.1489 

14 

891*  MAIMACM 

.1324 

.3718 

14 

9tt>  NZULT 

2.1313 

.4871 

14 

911*  TOCNMAI 

11.2327 

.9143 

14 

9n* 

f» 

AH* 

93M  CMEUT10M  COEFFICIENTS. 

471*  «  VALUE  OF  tt.fMt  IS  PNUTEB 
Aft*  IF  A  CREFFICIET  CAMOT  K  COMPUTES. 


till*  TOOL 

-.11427 

ti2#*  urn 

.83294 

.23914 

1131*  NIBIAT 

.84749 

.19343 

.97334 

1148*  OK 

.91834 

.MM 

.mu 

.83412 

11S1>  MUZ 

.32271 

.14171 

.43437 

.47931 

.42311 

IMA*  TT 

.44474 

.23238 

.33133 

.31445 

.32159 

■rwt  mm 

- agv _ 

«1<7 

.-mil 

-.41212 

I1U. 
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( 

L 

C 

O 

c 


( 

C' 

c 


-<*•*.  iMk««  ••***»«*  Ufvti  Iiwiu 


1484*  %*AR£4 

.28848 

.14128 

.11482 

.11442 

.21288 

-.43148 

1484*  AAIAACH 

.28784 

.17448 

.41218 

.43544 

.38533 

.88488* 

11M*  AZUlT 

■  M148 

-.48433 

-.43448 

.43781 

.12783 

.52214 

1114*  TOCWAI 
1124* 

.54385 

.334M 

.38418 

.52474 

.41484 

-.24212 

1134* 

EMC 

TOOL 

MMF 

AAAAAT 

one 

AIA2 

1144* 

1134* 

1144*  PROTO 

-.14424 

1174*  TRTAREA 

.82333- 

-.18442 

1184*  AAIAACH 

-.41838 

.43288 

-.43474 

1184*  IZIILT 

-,44233s 

.33344 

-.44334 

.38134 

1244*  TOCWAI 
1214* 

.83348- 

.44484 

.34372 

-.31384 

-.77487  • 

1224* 

n 

PROTO 

TWTAREA 

AAIAACH 

AZULT 

1231* 

1240* 

125#* l INITIAL  RECRESSIO*  11/14/82  1S.I4.I1.  PACE  3 

1241* 

1271*  FILE  -  A0A4AE  (CREATES  -  11/14/82) 

1261* 

12ff*  i*Miiui(ULTim  E  E  C  I  E  S  S  I  0  IM  •  <  i  <  i  i  i  i 
13M* 

1311*  DCF.  VAR...  OK  OTHER  DIRECT  COSTS 
1321* 

1334*  REAR  RESPONSE  4.44844  STD.  DEV.  1.12382 
1341* 

1354*  VARIABLES)  ENTERED  OR  STEP  1 

1341*  PROTO  NADER  OF  PROTOTTPE  AIRCRAFT 

1374* 

1384*  AULTiPLt  R  .7581  AMVA  DF  StA  SQUARES  KAN  SO.  F 

1384*  R  S8UARE  .5743  SECESSION  1.  14.818  14.818  18.444 

1444*  STS  DEV  .7573  RESIDUAL  14.  8.428  .573  SIC.  .Ml 

1414*  AOJ  R  S8UARE  .5444  COEFF  OF  VARIABILITY  14.8PCT 
142*= 

1434*  VARIABLE  I  S.E.  8  F  SIC.  IETA  ELASTICITY 


1444* 

1454=  PROTO  .787  .183  18.444  .Ml  .75813  .  35315 

1444*  CONSTANT  2.881  ,4M  54.144  .  4M 

1474* 


c 

o 

o 

o 

o 


1484* 

ISM*  mhhmmii  4  <  t  < 
1514* 

1524*  VARIABLE (5)  ENTERED  04  STEP  2 

1534*  TT 

1344* 


1334*  AULTIPU  A 

.4754  AAOVA 

DF  SUA  SOUARES 

AEAN  SO.  F 

1344*  R  SQUARE 

.7444  RECRESSIO* 

2.  14.524 

7.243  21.331 

1374*  STB  DEV 

.3433  RESIDUAL 

13.  4.422 

.344  SIC.  .4M 

13 N*  AU  R  SRUARE 

.73*7  COEFF  OF  VARIABILITY  13.4KT 

ISM* 

14M*  VABIA4LE 

B  S.E.  B 

F  SIC. 

BETA  ELASTICITY 

MU* 

142f*  PROTO 

.845  .142 

34.V73  .BM 

.82344  .38314 

1434*  TT 

.127  .BBS 

11.401  .m 

.441M  .33334 

1440*  COASTAAT 

.273  .  843 

.112  .733 

1434*1 IAITIAL  RECRESSIO* 

B1/14/B2 

13.14.81.  PACE  4 

1444* 


1474*  FILE  -  MANE  (CREATED  -  41/14/12) 


o 

c 


1444* 

1484*  *  *  «  *  4  » 
1744* 

1714*  ttf.  VAR... 
1724* 

>7M*  UMMKCKV 


•  4  4  R  U  L  T S  f L  E  RECRESSIO 
04C  OTKR  DIRECT  COSTS 

CT1K4  .n»  tT»_  _> . 
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c 

c 

c 

c 

o 

o 

( 

(. 

c 

c 

0 

( 

o 

o 

6 

o 

o 

o 


:74#=  urn: 

1751= 


174#«  AUlTIPLE  R 

.9141  AHOVA 

DF  SUP  SQUARES 

PEAK  SO. 

F 

177*.  R  SQUARE 

.0392  RECRESSIOH 

3. 

15.9*1 

5.3## 

21.87! 

178#=  STD  DEV 

.5139  RESIDUAL 

12. 

3. #47 

.254  SIC.  .»(• 

179#.  40J  R  SQUARE 

.799#  COEFF  OF  VARIABILITY 

11.3PCT 

18##. 

101*.  VARIABLE 

i  S.E.  0 

F 

SIC. 

SETA  ELASTIC  ITT 

112#. 

113*.  PROTO 

.722  .137 

27.540 

.*«# 

.48717 

.31947 

104#»  TT 

.#34  .#(8 

19.111 

.Ml 

.55337 

.49404 

183#.  RIR2 

.299  .128 

5.417 

.(38 

.32911 

.#3(65 

!84*>  COKSTAKT 

-.212  .774 

.#75 

.769 

1871. 

its*. 

im< 

19H=  immutimii 
1911= 

1921=  VARIAIlEIS)  ENTERED  OK  STEP  4 
193#=  KMT  ULTIMTE  LOAD  FACTOR 
194#. 


195#=  PULTIPLE  R 

.9234  AHOVA 

DF  SUP  SQUARES 

PEAK  SQ. 

F 

194#=  R  SQUARE 

.053#  RECRESSIOH 

4. 

14.142 

4.841 

15.953 

1971=  STD  DEV 

.5(33  RESIDUAL 

11. 

2.784 

.253  SIC.  .(M 

198#=  ADJ  R  SQUARE 

.7995  COEFF  OF  VARIABILITT 

11.3PCT 

199#= 

2  #M=  VAR1A0LE 

8 

S.E.  8 

F 

SIC. 

BETA  ELASTICITY 

III#* 

2(2#=  PROTO 

.491 

.141 

24.139 

.Mi 

.45778 

.3*4## 

2#3#=  TT 

.#39 

.*18 

17.M5 

.#(2 

.44815 

.81419 

2#4#=  PIHZ 

.244 

.133 

3.948 

.#72 

.29*57 

.12724 

2#5#=  H2ULT 

.399 

.393 

1.(3# 

.332 

.17293 

.18135 

2#4#=  COHSTAHT 

-1.478 

1.448 

1.(14 

.334 

2#7#*  1  INITIAL  RECRESS  [OH  #1/14/02  15.M.I1.  PACE  5 

2«t#> 

2#9#=  FILE  -  POHAPE  (CREATED  -  #1/14/82! 


2  Iff. 

2U»«  •»t«»»t«#PUL'lPLE  RES8ESS10Kinii*m 
212#= 

213#*  0E7.  VAR...  OK  OTHER  DIRECT  COSTS 
214#> 


213#.  VARIAILEISI  OTTERED  01  STEP  5 
21M>  TilTWEA  TOTAL  RETTED  AREA 
217*. 


218#=  PULTIPLE  1 

.9472  AHOVA 

OF  SUM  SQUARES 

KAN  $8. 

F 

219#=  R  SQUARE 

.8972  RECRESSIOH 

5. 

14.999 

3.4M 

17.44* 

22M>  STD  DEV 

.4414  RESIDUAL 

II. 

1.949 

.195  SIC.  .IM 

221#=  ADJ  R  SQUARE 

.8457  COEFF  OF  VARIAIILITT 

9.9PCT 

222#* 

2231=  VARIABLE 

8 

S.E.  1 

F 

SIC. 

BETA  ELASTICITY 

224#. 

223#=  PROTO 

.414 

.129 

22.928 

.Ml 

.5*417 

.2724# 

224#=  TT 

.192 

.127 

11.897 

■M4 

1.5*83# 

1.1993* 

227#=  Rnz 

.144 

.131 

1.211 

.294 

.15811 

.(1483 

2280=  BIT 

1.192 

.41# 

5.17# 

.*44 

.473*4 

.49449 

229*.  TVT  AREA 

-.141 

.4*4 

4.294 

.(45 

-.7*493  ■ 

1.542(5 

23##*  COHSTAHT 

-.432 

1.151 

.211 

.4SD 

231#>1  INITIAL  RECRESSIOH  ft/14/K  1S.MJ1.  PACE  4 

232#« 

2331*  FILE  -  MMARE  (CKATO  -  #1/14/82) 

234#* 

235#=  *  •  •  »  »  »  »  «  «  R  U  L  7  I  P  L  E  «  E  C  I  E  S  S  I  0  H  «•«.♦#»*  « 
234*. 

237#.  KP.  m...  me  0710  DIRECT  COSTS 
231#. 

779#.  M»UKIFIW.flOF«n.  0HJB*._4. . . . 


US 


( 

c 

c 


24##=  MAIMACH  NAIIMUM  MACH  NUMBER 
2411= 

2421= 

243#= 

244#* 

245#* 

244#= 


MULTIPLE  R  .9494  MOV*  OF  SUM  SOUARES  MEAN  SB.  •' 

R  SQUARE  .9*16  RECRESSIOR  4.  17.187  2.848  13.771 
STB  DEV  .454#  RESIDUAL  9.  1.841  .217  SIC.  .*## 
ADJ  R  SQUARE  .8343  COEFF  OF  VMIUILITT  1I.2PCT 


L 

247#=  VARIABLE 
244#= 

1 

S.E.  1 

F 

SIC. 

BETA 

ELASTICITY 

c 

249#=  PROTO 

.41# 

.133 

21.149 

.ffl 

•58t#7 

.27131 

2344=  TT 

.((7 

.#28 

9.253 

.#14 

1.42491 

1.79435 

231#=  NIN2 

.418 

.741 

.494 

.424 

.48(71 

.(4381 

2S2f*  CULT 

1.133 

.5«4 

5.247 

.#48 

.S##43 

.525## 

o 

233#=  TUTAREA 

-.739 

.447 

2.733 

.133 

-.48929 

-1.33416 

234#=  MAIMACH 

- 1 .#45 

1.4(7 

.423 

.532 

-.5314# 

-.#3567 

235#=  CONSTANT 

-1.178 

1.424 

.523 

.487 

o 

234#«tINITIAL  RECRESSIOM 

>1/14/82 

13. (4.(1.  PACE 

237#= 

258#=  FILE  -  AONAME  (CREATED  -  #1/14/82) 

239#= 

24##>  4  <  4  «  «  <  (  <  t  M  U  L  T  1  P  L  E  RECRESSIOI 
241#= 

242#=  DEP.  VAR...  OK  OTHER  DIRECT  COSTS 
243#= 

264#*  VARIABLE  IS  I  OTTERED  0#  STEP  7 

243f>  TOCNMAI  MAI! HUM  TAKEOFF  CROSS  HEICHT 

244#= 


267#=  MULTIPLE  R 

.9499  ANOVA 

OF  SUM  SQUARES 

MEAN  SO. 

F 

248#=  R  SQUARE 

.9(22  RECRESSIOM 

7. 

17.(94 

2.442 

11.54! 

249#=  SID  DEV 

.4812  RESIDUAL 

8. 

1.833 

.232  sic.  .#«; 

27##*  ABJ  R  S8UARE 

.8167  COEFF  OF  VARIABILITT 

1I.8PCT 

271#= 

272#=  VARIABLE 

B 

S.E.  B 

F 

SIC. 

BETA  ELASTICITY 

273#* 

274#=  PROTO 

.426 

.142 

15.(1# 

.((5 

.5939# 

.27721 

273#=  TT 

.11# 

.123 

.798 

.398 

1.8(734 

2.27618 

274#=  MHZ 

.488 

.844 

.434 

.449 

.73843 

.#7112 

277#=  CULT 

1.13# 

.349 

4.238 

.#74 

.48973 

.51359 

278#=  THTAREA 

-1  .Ml 

1.423 

.494 

.5(2 

-.93349  ■ 

-1.6343# 

279#*  MAIMACH 

-1.212 

1.9*3 

.4(5 

.542 

-.41473 

-.#4139 

28##»  TOCNMAI 

-.228 

1.148 

.138 

.83# 

-.19943 

-.57284 

281#=  CONSTANT 

1.387 

13.244 

.(11 

.919 

2821* 

213#= 

284#=  ALL  VARIAILES  ARE  II  THE  E8UATI0K. 
283#= 

284#= 

287#= 

288#=  COEFFICIETS  AM  CKFIDEXE  INTERVALS. 

2*9#= 


Mb  VARIABLE 

B 

95  PCT  C.I. 

o 

291#= 

29t*=  INTO 

.4238 

.2333 

.9983 

i  * 

2988=  TT 

.1189 

-.1737 

.3934 

2881m  MB 

.4868 

•1.3N3 

2.4818 

;  O 

2936=  CULT 

t.im 

-.1357 

2.3939 

294#=  TUT AREA 

-1.88(3 

-4.2824 

2.2814 

• 

2871*  MAIMACH 

-1.2122 

-3.4141 

3.1787 

0 

288#*  TOCNMAI 

-.2279 

-2.9223 

2.4644 

2881*  COKT  AMT 

1.2173 

-29.1988 

31.8748 

i  o 

i 

Mb 

mb 

3# 28=  VARIANCE /COVARIANCE  NRTBttl  OF  THE  UNNORMAL! 

o 

3#3#= 

3#4#= 

m>  Mir  ..  . 

...  14643  _ 

I2D  RECRESSIOM  COEFFICIENTS. 
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t. 


c 

c 

o 

o 


c 

c 

c 


c 

o 

o 

o 

0 

0 

c 


3«4(*  TT 

.13524 

.#1512 

3#7#»  PROTO 

.#1847 

. 1(831 

■  C6#9 

3#8(*  TOCWAl 

-.42337 

-.1393# 

-.19331 

1.34514 

3194 ‘  TUTAftEA 

-.3298# 

-.17358 

-.19115 

1.54843 

2.(2546 

31M*  MIRACH 

-1.42275 

-.18823 

-.#5347 

l.MZlt 

.84771 

3.42727 

111#*  I2ULT 

312#= 

-  .M328 

-.#•412 

-.(3452 

.15*4# 

.(2852 

-.(4323 

313#* 

RIN2 

TT 

PROTO 

TOCWAI 

T8TAREA 

RAIRACH 

114#* 

31S*> 

310*  IMT  .3*132 

3171* 

3  IN*  CULT 

310* 

32M* 

3211*1  IlITItl  RECRESSIO*  *1/14/82  IS.H.fl.  PACE  6 

3221* 

3231*  FILE  -  WMME  (CREATES  -  *1/14/82) 

3241* 

325#*  immumnnE  ft  Z  t  R  E  S  S  :  0  A  **»»*#.#  f 
320* 

3271*  SEP.  VAR...  OK  0T1CR  DIRECT  COSTS 
32M* 

320* 

33H*  SUAMR?  TAILE. 

331#* 

3321*  STEP  VARIABLE  E/R  F  RULT-R  R-SS  CHAACE  R  OVERALL  F  SIC. 

3331*  , 

330*  1  PROTO  E  19.»4#  .759  .574  .574  .759  19.14#  .##1 

335#*  2  TT  E  11.01  .874  .747  .19#  .321  21.351  .##• 

3341*  3  MHZ  E  5.417  .914  .  839  .(73  .  424  21.S75  .«M 

337#*  4  CULT  E  l.«3#  .924  .  853  .(14  .1 28  15.953  .«## 

338#*  5  TUT AREA  E  4.294  .947  .897  .(44  .2(3  17.444  .(M 

339#*  4  MINCH  E  .423  .95#  .02  .05  .395  13.771  ,#M 

34##*  7  T0CIM1  E  .(38  .  95#  .9(2  .(M  .411  1«.547  .M2 

341l>ni:TlAL  RECRESSION  (1/14/82  15.(4.11.  PACE  9 

3421* 

343#*  FILE  -  AORAHE  (CREATES  •  #1/14/82) 

344#* 

345#*  niimiimTIPlE  RECRESSIOm«***«#*» 
340* 

347#* 

348#*  RESIDUAL  PUT. 

340* 


)5M* 

T  VALUE 

T  EST. 

AESIDUAL  -2SD  (.# 

351#* 

3521* 

2. (#5 

2.499 

.1(4  I 

353#* 

2.474 

2.349 

.1(4  I 

350* 

3.575 

4.3(9 

*.734  .  t 

3554- 

4.413 

4.397 

.214  1 

354#* 

4.2(8 

5.939 

.249  I 

357#* 

3.40 

3.474 

-.(14  .1 

4.711 

4.553 

.158  I 

**• 

4.211 

4.814 

-.524  .  I 

30#* 

4.#47 

4.144 

.03 

341#* 

2.931 

2.839 

.nT  I 

342#* 

5.371 

3.1*4 

.247  I 

34 3(* 

4.551 

5.3(4 

-.753  .  1 

340* 

5.3(1 

S.I44 

.157  I 

345#* 

5.145 

3.112 

.(43  I 

344#* 

5.312 

3.131 

.174  I 

347#* 

5.9*1 

3.494 

.4*7  1 

30#* 

340*  ROTE  -  («l  laiCATES  ESTIAATE  CALCULATE*  8ITH  REARS  SUKTITUTES 
37(#>  R  IMICATES  POUT  OUT  OF  RAKE  OF  PLOT 
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c 

c 

c 

c 

o 

c 


( 

c 

c 

c 


I  PERCENT  OF  TIC  TOTAL 
DURIIN-UATSON  test  2.39784 


372#* 

3731*  HUNKS  OF  CASES  PLOTTED  It. 

374#*  HJNKR  Of  2  S.O.  OUTLIERS  i  OS 
375#* 

37t#*  SOI  NEUNMM  RATIO  2.55744 
377#* 

371#*  NUNKR  Of  POSITIVE  RESIDUALS  12. 

374#*  HJNKR  Of  MECATIVE  RESIDUALS  4. 

3Mt*  NUN8B  Of  RUNS  Of  SICttS  4. 

Mil* 

3021*  NORML  APPROIIMTION  TO  SIGN  DISTRIBUTION  IMPOSSIBLE. 

30#*  USE  A  TAILS  FOR  EIPECTEB  VALUES. 

K4#*t(N(TIAL  REGRESSION  #1/14/82  I5.#4.#l. 

3#S#» 

314#*  FILE  ■  NONANE  (CREATED  ■  11/14/82) 

3S7#* 

388#=  miiiMHIIIlTIfU  REGRESSION*#* 
3844* 


341#* 

342#* 

343#* 


PAGE  1# 


DEP.  VAR.. 

.  tool 

TOOLING 

NEAR  RESPONSE 

1 .91119 

STD.  DEV. 

1.55994 

VARIABLE  IS)  ENTERED 

ON  STEP  1 

N2ULT 

ULT1NATE 

LOAD  FACTOR 

milKi  R 

.4843 

ANOVA 

DF  SUN  SOUARES 

NE4N  SO.  F 

R  SOUARE 

.2345 

REGRESSION 

1. 

6.433 

8.433  *.337 

STD  DEV 

1.411V 

RESIDUAL 

14. 

27.846 

1.991  SIC.  .#54 

ADJ  R  SOUARE  .1828 

COEFF  Of  VARIABILITY 

78.3PCT 

VARIABLE 

8 

S.E.  D 

? 

SIC. 

BETA  ELASTICITY 

NZULT 

-1.558 

.748 

4.337 

.#54 

-.48633  -1.75454 

CONSTANT 

4.V45 

1.548 

18.134 

.i#7 

c 

o 

o 


3441* 


4#1«> 


413#= 


<#7»* 

4#8#* 

4#4#=  *********************************i**# 
41##* 

4Uf*  VARIABLE  (SI  ENTERED  ON  STEP  2 
412#=  NAINACH  NAIINUN  RACK  NUNKR 
413#* 

414#*  MULTIPLE  R  .4553  ANOVA  OF  SUN  SOUARES  NEAR  SO.  f 

4151*  R  SQUARE  .4244  REGRESSION  2.  15.474  7.837  4.842 

4148*  STD  DEV  1.2457  RESIDUAL  13.  21.827  1.4*2  SIC.  .#24 

417#*  AOU  R  SQUARE  .3414  COEFF  OF  VARIABILITY  78.3PCT 
418#* 


4198*  VARIABLE 
42M* 

8 

S.E.  1 

F 

SIC. 

KTA  ELASTICITY 

4211*  CULT 

-2.543 

.825 

9.457 

.*#8 

-.88*34  -2.89#55 

4221*  NAINACH 

1.473 

.7*3 

4.395 

.854 

.53919  .12478 

423#*  CORSTANT 

6.783 

1.444 

14.979 

.lit 

42A(*1IIITIAL  REGRESSION 

11/14/62 

15. #4. 11.  PACE  11 

_  424#*  FILE  •  NONA*  (CREATED  -  #1/14/82) 

O  427#* 

428#*  *  *  «  *  *  »  •  4  »  N  «  L  T  1  P  L  E  R  E  C  R  E  S  S  I  0  N  4  .  4  *  *  ♦  • 
_  4248* 

°  43##*  IEP.  VAR...  TOOL  TOOLING 

4311* 

_  4321*  VANIAKEIII  ENTERED  0#  STEP  3 

c  433#*  NIK 

434#* 

_  435#*  RJLTIPIE  R  .7244  ANOVA  OF  SUN  SOUARES  NEAR  SO.  F 

C  434#*  I  SQUARE  .5274  REGRESSION  3.  19.258  4.41V  4.447 

1376*  AT*  1W  l.t«N7.  REAJPUAL _ 17.  .  -  '3  743  .1  A7Z  eir,  «?« 
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BETA  ELASTiCIT! 


<_ 

c 

o 

o 


<L 

c 

c 

c 


4384*  4Cj  R  SJU4RE  .*195  COEF  OR  MRIAEIL1T7  44.*?:: 
4394* 


4444* 

VARIABLE 

1 

S.E.  1 

F 

SIC. 

BETA 

4411* 

4424* 

I2ULT 

•3.495 

.431 

13.234 

.113 

-.94442 

4434* 

M41MACH 

7.449 

3.443 

3.738 

.174 

2.73475 

4444* 

MINZ 

-2.472 

1.492 

2.494 

.144 

-2.12187 

4434* 

C04STMT 

8.114 

1.794 

24.413 

.411 

4444* 

4474* 

4444* 


■3.49454 

.43115 

-.44549 


4494* 


4314*  VMIAILEC5)  EtfTEREC  M  STEP  4 

4324*  TT 

4334* 


4544*  MULHPLE  R 

.7384  AMVA 

OF  SUM  SOUARES 

MEM  S4.  F 

4554*  R  SOU  ARE 

.5455  REGRESSION 

4. 

19.913 

4.97S  3.341 

4544*  STB  BE 9 

1.2281  RESIDUAL 

11. 

14.588 

1.514  SIC.  .152 

4571*  AGO  R  SQUARE 

.3813  CO EPF  OF  VARIABILITY 

44.2PCT 

4584* 

4594*  VARIABLE 

1 

S.E.  S 

F 

SIC. 

BETA  ELASTICITY 

4444* 

4414*  NZULT 

-3.512 

1.477 

11.439 

.448  • 

1.49453  -3.94452 

4424*  AAINACM 

7.941 

4.447 

3.928 

1  .173 

2.91144  .47282 

4431*  MXMZ 

-2.943 

1.748 

2.495 

.129  ■ 

2.34534  -.74433 

4444=  TT 

-.115 

.123 

.434 

.523 

-.18274  -.79255 

4454*  CBMSTAIT 

11.491 

3.952 

7.448 

.122 

4444*11NIT1AL  RECRESSIOA  41/14/82  15.44.41.  PACE  12 

4474* 

4444*  PILE  -  MIMIC  (CKEnTES  -  41/14/821 

4494* 

4744*  ••♦♦••♦♦•MULTIPLE  R  E  C  R  E  S  S  1  0  N  »  *  ♦  »  »  ♦  »  «  * 
4714* 

4724*  SEP.  VM...  TOOL  TOOUUC 
4734* 

4744*  VMIAILEISI  ENTERES  01  STEP  3 
4734*  PHOTO  UUAKR  Of  PROTOTTPE  AIRCRATT 

4744* 

4774*  MULTIPLE  8  .7314  MOVA  OF  Sill  SOUMES  ICM  SO.  f 

4744*  *  SOU ME  .3444  REGRESS I 0M  5.  24.343  4.117  2.547 

4794*  STB  DEV  1.2414  RESIDUAL  II.  15.914  1.392  SIB.  .194 

4844*  «J  R  S4UARE  .3439  C4EFT  Of  MRIMILITT  7I.IPCT 
4114* 


4424*  VARIABLE 
4934* 

8 

S.E.  B 

F  SIC. 

ICTA 

ELASTICITY 

4444*  MZULT 

-3.711 

1.144 

14.(34  .449 

-1.15437 

-4.14439 

4851*  MAIRACH 

8.341 

4.172 

4.137  .172 

3.47234 

.71449 

4444*  MUZ 

-3.174 

1.444 

2.944  .119 

-2.32494 

-.11394 

4474*  TT 

-.119 

.123 

.372  .447 

-.21977 

-.93317 

4444*  PHOTO 

.232 

.337 

.422  .534 

.13924 

.23514 

4494*  eOKTMT 

11.713 

4.443 

4.949  .123 

4944*1  INITIAL  RECESSION 

lt/14/42  13.44.41.  PACE 

4914* 

mi*  FOE  -  MMRE  (CHEATER  •  41/14/421 
4934* 

4944*  ii4MMi«RULT|PLE  I  E  t  I  E  S  S  I  0  M  *  *  *  *  *  *  * 
4934* 

4944*  KP.  m...  TOOL  T04L1K 
4974* 

4944*  VMIMLEIS)  ENTIRES  01  STEP  4 
4994*  TUTMER  TOTAL  UETTD  RUE* 

3444* 

3411*  MULTIPLE  I  .7493  MUM  JF  SUM  SOUMES  ION  SO.  F 

5424*  R  mm  .3919  REBRESS10M  4.  21.444  3.441  2.173 

.4414*. .STM  MfU  I  7M44.VS70UM _ JR _ 14A47.._.7JHy.  RJC  117 
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5#4|*  At.  R  SQUARE 

.3198  COEFF  OF  VAR1AR1L1TT 

71. 

.4PCT 

5#5I* 

544#*  VARIABLE 

1 

S.E.  8 

F 

SIC. 

BETA 

ELASTICIT1 

5#7*« 

548#*  I2ULT 

-4.351 

1.427 

9.3M 

.#14 

-1.3585# 

-4.9*471 

5#94*  MIHACH 

7.122 

4.544 

2.454 

.152 

2.41(9# 

.48345 

SIM*  HIN2 

-2.479 

2. #97 

1.398 

.247 

-1.94894 

-.43572 

5111*  TT 

-.#79 

.Ml 

.953 

.354 

-.93194 

-4.14217 

512#*  PROTO 

.3*3 

.375 

.453 

.44# 

.2881# 

.33343 

513#*  TNTAREA 

.992 

1.244 

.414 

.453 

.44487 

4.51229 

514#*  CONSTANT 

9.254 

4.4(1 

4. M2 

.175 

513#*l!«lTIAl  RCCfiCSSIOH  11/14/82  1S.#4.#I.  PACE  14 

JIM* 

O  3178*  FILE  -  NCAAHE  ( CREATED  -  #1/14/821 

518#* 

519#*  •MitMtimTIPU  REGRESSION********* 

O  52##* 

5211*  OEP.  m...  tool  tooling 
5221* 

5231*  VARIABLE  ISl  ENTERED  ON  STEP  7 

5241*  TOCNMI  MX  [HUN  TAKEOFF  GROSS  HEIGHT 

525#* 

524#*  MULTIPLE  R  .M73  MOV*  OF  SIR  SOUARES  NEW  SO.  P 

527#*  R  SOUME  .4517  REGRESSION  7.  23.789  3.398  2.139 

528#*  STD  DEV  1.2414  RESIDUAL  8.  12.712  1.589  SIC.  .154 

•  529#*  ADJ  R  SQUARE  .3471  COEFF  OF  VAR1A8ILITT  7I.JPC7 

SOM* 


531#*  VARIABLE 

8 

S.E.  8 

P 

SIC. 

BETA 

ELASTICITT 

5328* 

533l«  I2ULT 

-3.955 

1.438 

7.547 

.825 

•1.235*4 

-4.44(78 

534#*  HAIRACN 

9.757 

4.989 

3.825 

.(84 

3.57445 

.82444 

535#*  HXN2 

-3.592 

2.243 

2.519 

.’.51 

-2.8529# 

-.32112 

534#=  TT 

-.445 

.322 

!.9#7 

.215 

-5.27244 

-22.84837 

537#.  PROTO 

.(58 

.423 

.(19 

.894 

.#3981 

.#4378 

5384*  WARES 

5.115 

3.728 

1.883 

.2(7 

3.43936 

23.27218 

5394*  TOCNNAl 

3.589 

3.141 

1.375 

.275 

2.24443 

22.38187 

S4M*  CONSTMT 

-31.15# 

34.744 

.8(4 

.394 

541#* 

542#* 

543#*  ALL  VARIABLES  ARE  IN  THE  EQUATION. 
544#* 

545#* 

544#* 

<  547#*  COEFFICIERTS  AND  CONFIDENCE  INTERVALS. 

54M* 


c 

549«*  VARIABLE 
SSN* 

1 

95  PCT  C.l. 

551#*  R21ILT 

-3. 9554 

-7.2713  -.4395 

552#*  AAIMCH 

9.7571 

-1.7477  21.2418 

0 

553#"  RINZ 

-3.5924 

-8.8121  1.4272 

554#*  n 

-.4449 

-1.1*77  .  29M 

555#*  P#BT0 

.858# 

-.9177  1.(337 

o 

554#*  TBTRKA 

5.1153 

•3.4818  13.7123 

557#*  70CWAI 

3.5(9# 

•3.4489  14.4449 

9 

538M  CtKTANT 

559#* 

54M* 

-31.15*2 

-.1E*«3  4#. 9747 

0 

5411*  VARIANCE/COVARIANCE  MTRII  OF  THE  URBORMLIZQ  REGRESSION  COEFFICIENTS. 
542#* 

SAM* 

544#*  RINZ  5.12339 

0 

545#*  TT 

.24191 

.1(377 

544#*  PROTO 

.12472 

.(5495  .179(3 

S47M  TOCNNU 

-2.9(517 

-.9S5H  -.44*24  9.34742 

( 

S4M*  TNTAREA 

-2.243(4 

-1.19113  -.4851  11.74241  13.#9##9 

9A9N*  NAINATH 

'9991 

_  i  i#5#L  _  r  94R9#  A  ATAAA  .. 5.49427  JA  »«< 

123 


c 


c 

< 

c 

o 

o 

( 

( 


c 


c 

0 

c 


( 

0 

o 

9 

O 

o 


57M*  HZULT 
5711* 

5721* 

5731* 

!?«* 


-.12254  -  .12828  -.25*43 

NNZ  TT  PROTO 


5751*  HZULT  2.14743 

5741* 

5771*  CULT 


STM* 


575*. 

SM**UIITIM.  RECRESS  10* 

sail* 

*2*>  nu  -  NONANE  (CREATED  -  *1/14/82) 


SOI* 


1.13214  .19571  -.43369 

TOCWAI  TlfT  AREA  MIMCH 


11/14/82  15.l4.il.  RACE 


5*4*. 

5851* 


5841*  HER.  VAR...  TOOL 
5871* 

SSM* 

5898*  SUR9IART  TAILS. 


59*8* 


LTIRLE  RECIESSIO 
TOOLIHC 


5911*  STEP  VAR1A0LE  E/R 
5921* 

F  NULT-R 

R-S8  CHANCE 

R 

OVERALL  F 

SIC. 

5931* 

1 

CULT 

E 

4.337 

.4R4 

.237 

.237 

-.484 

4.337 

.154 

5941* 

2 

MIMCH 

E 

4.395 

.455 

.429 

.193 

.174 

4.892 

.124 

5951* 

3 

NIC 

E 

2.494 

.724 

.528 

.198 

.149 

4.447 

.125 

5941* 

4 

TT 

E 

.434 

.739 

.544 

.118 

.253 

3.311 

.152 

5971* 

5 

PROTO 

E 

.422 

.751 

.544 

.118 

.M3 

2.587 

.194 

5984* 

4 

TVTAREA 

E 

.414 

.749 

.592 

.128 

.141 

2.175 

.142 

5991* 

7 

TOCHM1 

E 

1.375 

.8A7 

.452 

.144 

.334 

2.139 

.154 

4MI* 1  INITIAL  REGRESSION  11/14/82  1S.I4.II.  PACE 

4111* 

4121*  FILE  •  NONANE  (CREATES  -  11/14/82) 

4831* 


4141*  444444444NULTIRLE  RECRESS  ZO 
4151* 

4*4|i 

4171*  RESIDUAL  PLOT. 

4M> 


44M* 

41M* 

r  VALUE 

T  EST. 

RESIDUAL  -2SB 

l.l 

4111* 

4.837 

5.151 

I.4S7 

I 

4121* 

-.3*2 

-.151 

-.252 

4131* 

.713 

.912 

-.219 

4141* 

.815 

.441 

.148 

4151* 

3.114 

2.174 

.941 

I 

4141* 

1.411 

1.472 

-.241 

4171* 

2.172 

1.931 

.142 

41 M* 

1.419 

3.414 

-1.07 

I 

419I* 

1.M5 

.592 

1.213 

I 

42M* 

.215 

1.117 

-.812 

, 

I 

42U* 

1.844 

2.545 

-.721 

I 

42M> 

1.491 

1.771 

-.IN 

42M* 

1.221 

1.543 

-.M2 

I2W* 

2.M7 

.ft! 

1.151 

I 

42S*> 

1.491 

2.779 

-1.N9 

. 

I 

4241* 

4270* 

2.114 

1.704 

.112 

42M*  NTE  -  (41  MICAIQ  ESTIMTE  CALCULATES  HIM  SAM  8NKTITUTE1 
429*.  I  taiCATES  PSIfT  OUT  OF  RMCE  OF  PUTT 


♦2SD 


IS 


14 


o 

o 


4311* 

422*.  MMER  OF  CAOB  PUTTO 
433**  KMQ  OF  2  I.S.  MTLIEB 


14. 

I  01  I  PBCm  OF  TK  TOTAL 


.435*4  .Ml  NFMAM  AATId _ 7J83C _ *MUMNU!R0*_TEtt. ..  3  4N48A 
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437#*  NUHKR  or  FOSITIK  RESIDUALS  7. 

438#*  NUNIER  OF  KCAT1W  RESIDUALS  0. 

43##*  NUNIER  OF  MHO  OF  SIMS  11. 

44tt* 

441«*  NOAML  (moiiwno#  TO  SIB  IISTAUUTION  IlfOSSUU. 

442#*  USE  *  THU  FOR  EXPECTED  VALUES. 

U3#«1IHITIAL  REGRESSION  (1/14/82  15.(4.11.  P4t£  17 


449#*  FIU  -  KODAK  I  CREATED  -  #1/14/82) 

444#* 

4471*  m*mn«lllT!FU  RESRESS10I 


444#*  KP.  VAR...  MNF 


MANUFACTURING  HOURS 


ASK*  KAN  RESPONSE  3.7(541  STD.  DEV.  .45448 
4S2(* 

433«*  VAR1AHE1SI  ENTERED  ON  STEF  1 

454#*  TOCNMI  NAI1IMI  TAKEOFF  CROSS  HEIGHT 

455#* 

4544*  HULTIFU  R  .5842  AMVA  OF  SUM  SOMITES  KAN  SR.  F 

457#*  R  S8UARE  .3413  RECKSSION  1.  2.144  2.144  7.253 

4S#«*  STD  DEV  5544  RESIDUAL  14.  4.235  .313  SIG.  .117 

434#=  ADJ  ft  SOUARE  .2442  COEFF  OF  VAR1A8ILITT  14.8FCT 
4441* 


441R*  VAR1ASU 
4421* 

4431*  TOGNMAX 
4441*  CONSTANT 
4*54* 

4441* 

4471* 


0  S.E.  I  F  SIC.  RET#  ELASTIC ITT 

.3R4  .144  7.253  .117  .5R41B  1.1777R 

-.459  1.424  .144  .442 


4491* 

47«R>  VARIAILE(S)  OTTERED  ON  STEF  2 

4714*  CULT  ULTINATE  LORO  FACTOR 

4721* 

4730*  MH.T1PU  R  .1817  ANOVA  OF  SUR  SQUARES  KAN  SR.  F 

4741*  R  SRUARE  .7754  RECKSSION  2.  4.404  2.493  22.441 

4750*  STD  DEV  .3332  RESIDUAL  13.  1.443  .111  SIG.  .«## 

4741*  ABU  R  SOUARE  .7111  COEFF  OF  VARIARILITT  f.RFCT 
4771* 


4701*  VIRIAILE  8 
474R* 

48#R*  TOCWAI  .924 
4810*  CULT  1.411 
4(21*  CONSTANT  -4.54# 
483#*UIIT1AL  REGRESSION 


.138  44.847  .OR# 

.274  25.154  .AAf 

2.124  22.144  .Id 


RETA  ELASTICITT 

I. 342(1  2.8(424 

J . #4254  .748*4 


(1/14/82  l$.f4.fl.  FACE  IS 


*85i>  FIU  •  NONAK  I  CREATED  -  #1/14/82) 


lULTIFLE  RECAESS10I 
MHIFACTIIRM  HOURS 


44K*  VMIAtUIS)  DTOO  M  STEF  3 

442#*  NHZ 

44K* 

444#*  NHLTTFU  I  .4124  ANNA 

443#*  R  SRUAK  .1441  KCREttlOR 

444#*  Ill  DR  .2444  ABAML 

447#*  m  A  SRINHE  .1347  COEFF  OF  VAR! 


.4324  MIM  OF  SUN  SRUIAES  KAN  SR.  F 

.1441  KCREttlOR  1.  5.5(4  1.(43  24.414 

.2444  KtAML  12.  .(4#  .ftt  RIG.  .«## 

.#347  COEFF  IF  VttlMIUTT  7.1FCT 


444#*  VRIIAtU 

TIM* 

TNI  A*  TDOMt 


KTA  ELASTICITT 


RFA - JJ5_.il  .7*1. 
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7821=  NZULT 

.877 

.245 

13.634 

.183 

.72724  .53378 

L 

7I38>  RIRZ 

.188 

.868 

8.613 

.812 

.37638  .12488 

7848=  CONSTANT 
7838= 

-7.427 

1.736 

18.287 

.Ml 

c 

7848> 

7878= 

7888=  4  4  4  4  <  4  < 

1  M  1 

*  ♦  #  t  i 

c 

7888= 

7188*  VARIAILEISI  ERTERES 

OR  STEP  4 

c 

7118*  TT 

7128* 

7138*  MULTIPLE  R 

.8(28 

AROVA 

OF  SUN  SQUARES 

REAR  SO.  F 

7148*  1  SOJARE 

.8173 

RECRESSION 

4. 

5.784 

1.426  21.647 

o 

7138*  STS  DEV 

.2347 

RESIDUAL 

11. 

.725 

.166  SIC.  .MR 

7148*  AIJ  R  SHARE 

.8443 

COEFF  OF  VARIAIILITT 

6.8PCT 

7178* 

o 

7188*  VAR1AILE 
7181* 

1 

S.E.  B 

F 

SIC. 

beta  Elastic itt 

( 

7288*  TOCRNAI 

.886 

.166 

35.388 

.IM 

1.48248  2.98865 

7218*  R2ULT 

1.847 

.262 

13.848 

.M2 

.77867  .37368 

7228*  RIRZ 

.138 

.172 

4.864 

.838 

.38163  .11987 

7238*  TT 

-.188 

.187 

1.731 

.213 

-.26633  -.23564 

1 

7248=  CONSTANT 

-8.686 

1.868 

21.678 

•MI 

7238.1IRITIAL  RECRESSION 

81/14/82 

15.84.81.  PACE 

7241* 

l  7271=  FILE  -  MUMS  (CREATES  -  11/14/82) 

7281= 

7288=  HMMUUOlTinE  RECRESS20N 
L  7388= 


7318=  sep.  m...  ranf  pmmufacturimc  hours 
,  7328= 

C  7338=  VARIABLE  IS)  EATER Et  08  STEP  5 


7348*  PROTO 

7358* 

RUNKR  Of  PROTOTYPE 

AIRCRAFT 

7368*  RULTIPLE  8 

.8464  AROVA 

DF  SUN  SHARES 

CAN  SB. 

F 

7378*  R  S8UARE 

.8937  REGRESSION 

5. 

5.758 

1.132 

17.168 

7388*  STS  DEV 

.2388  RESIDUAL 

18. 

.671 

.867  SIC.  .Ml 

7388*  ADJ  R  SQUARE  .8433  COEFF  OF  VAR I ABILITY 

7.8PCT 

74M* 

7418*  VARIABLE 

S  S.E.  1 

F 

SIC. 

BETA  ELASTICITY 

7428* 

7438*  TOCRNAI 

.917  .184 

2A.773 

.Ml 

1.37849 

2.77982 

7448*  RZULT 

.831  .284 

9.883 

.818 

.48245 

.31116 

7438*  RIRZ 

.138  .874 

4.118 

.878 

.28287 

.11864 

7468*  fT 

-.8M  .887 

1.187 

,3M 

-.22729 

-.2I1M 

7478*  PROTO 

.871  ,8N 

.883 

.391 

.11673 

.13815 

7488*  CONSTANT 

-7.848  2.861 

14.849 

.883 

7448*11117146  RECRESSION  81/14/82  1J.84.I1.  PACE 

_  7388* 

o  7318*  FILE  •  ROMS  (CREATES  -  81/14/82) 

nth 

_  J3»  «  *  •  »  »  ♦  ♦  *  Ul  T  l  P  L  E  RECRESSI0N<<<4A44 

O  7548* 

BM*  Kt.  (MR...  RAM  R4MF4CTURW  HOURS 

O  7378*  VMIASLEISI  ERTERES  ON  STEP  4 
7388*  7VTMEA  TOTAL  RETTEI  AREA 
_  7388* 

o  7488*  RULTIPLE  R  .8481  AM4M  IF  SW  SOUARES  CAN  88.  F 

7418*  R  SHARE  .1888  DEGRESSION  4.  5.718  .  843  t3.348 

_  7428*  STS  SEV  .2414  RES  HUN.  8.  .448  .  872  SIC.  .888 

O  7438*  AIJ  R  S8UARE  .8)14  COPE  OF  VABIA8ILITT  7.2PCT 


18 


28 


7444. 

7438*  VARIABLE  I  S.C.  I  F  SIC.  KTA  EUSTICITT 
C  7448* 

74J4.  TflPJHM  .  _U2JJL _ 582. _ 4.UL. .  J44  _.l  JW  .  8  ‘*4« 


12  6 


1 4M*  AMT 

.941 

.314 

9.454  .113 

.49977 

.51333 

c 

TIM*  Mil 

.143 

.Ml 

4.112  .173 

.31704 

.02128 

77M*  TT 

-.142 

.144 

.445  .322  - 

1.19733  • 

-1.15928 

T71I*  PROTO 

.154 

.M9 

.347  .541 

.10789 

.02872 

c 

7721*  THTMEA 

.411 

.753 

.294  .AM 

.45* jg 

.91553 

77  M*  CONSTMT 

-11.477 

4.029 

2.025  .127 

774#*tlNITIAL  REGRESSION 

11/14/02 

:  13.04.01.  PACE 

c 

7731* 

77M*  FILE  •  MIME  I CRESTED  •  11/14/02) 

7770* 

c 

77M*  »#«»♦( 

1  «  <  •  H 

U  L  T  1  P  L  E 

REGRESSION** 

779#* 

TIM*  OB.  VSR.. 

muf 

MNUFACTURINS  hours 

o 

Till* 

TO*  VM1MLEIS)  ENTERED  ON  STEF  7 

TIM*  MINACH 

NAURU*  HACK  NUH1ER 

o 

TOM* 

TOM*  HULTIPLE  R 

.9312  ANOVA 

DF  SHI  SOUMES 

MEAN  SO. 

F 

70M*  R  SOUME 

.9129  RECRESS ION 

7.  3.815 

.829 

10.423 

i 

7070*  STB  DEV 

.2794  RESIDUAL 

0.  .424 

.078  SIC.  .HZ 

78M*  MJ  R  SOUME  .1179  COCFF  OF  VMIMILITT  7. SPOT 

70M* 

( 

79M*  VMIRILE 

1 

S.E.  0 

F  SIC. 

•ETA  ELASTICITT 

7911* 

7921*  TOCWM 

1.309 

.478 

4.192  .173 

2.00833 

4.21004 

c 

793#*  IZU.T 

.931 

.319 

8.319  .119 

.49145 

.5T37 

7941*  IIIZ 

-.117 

.312 

.155  .021 

-.22149 

-.0144. 

7951*  rr 

-.130 

.171 

.431  .443  - 

1.42713  - 

■1.43943 

e 

7940*  PROTO 

.143 

.194 

.225  .440 

.07274 

.02378 

7971*  THTMEA 

.559 

.024 

.450  .510 

.89502 

1.23442 

79M*  MINACH 

.424 

1.114 

.32 1  .307 

.34437 

.02574 

7991-  CONSTMT 

•13.142 

7.701 

2.921  .124 

MM- 

MU* 

M2f>  *u.  V4R14ILES  ARE  H  THE  EQUATION. 

MM* 

MM* 

MSI* 

MM*  COEFFICIEHTS  Mlt  CONFIDENCE  INTERVALS. 

M7I* 


( 

MM*  VMIAKE 

0 

93  PCT  C.l. 

0090* 

•111*  TOCHHA! 

1.3*90 

-.1753 

2.9533 

0 

0110*  NZULT 

.9294 

.1947 

1.444 

0120*  HII2 

-.1172 

-1.274* 

1.0397 

0 

0130*  TT 

-.0574 

-.2223 

.in 

0140*  PROTO 

.0443 

-.1711 

.2400 

0150*  THTMEA 

.3592 

-1.3443 

2.444 

0140*  MINACH 

.4255 

-1.9244 

3.1755 

0 

1170*  CONSTMT 

-13.1417 

-30.9217 

4.3973 

DIM* 

_  ItM* 

9  HO*  0M1AKE/C0VMIAKE  MTRII  OF  TIC  UM0RMIIZE3  REGRESSION  COEFFICIENTS. 


mo* 

o 

1230-  muz 

.25149 

0240*  TT 

.11109 

.Ml* 

0250*  PROTO 

.11423 

.HIM 

0 

0240*  TNUMI 

-.14272 

-.144 

0271*  THTACA 

-.11117 

-.Ml 

02M*  MIMCH 

-.54702 

-.IW4 

0 

0290*  CULT 

-.Mill 

-.0*139 

03 M* 

0310* 

RIIG 

TT 

C 

0320* 

TO* i 

. . 

.0M79 

-.13145 

-.13073 

.44*10 

.32071 

.4127* 

-.011*9 

.33701 

.29250 

1.22274 

•01231 

.05070 

.0*41 

-.02131 

■ROTO 

TOCMAI 

TVTAKA 

MIMCH 

127 


t 


t 


c 


c 

o 

o 

c 

c 

c 


8341*  NZliLT  .11157 

1354* 

1344*  I2ULT 

8371* 

8384* 

I384*1IRITIAL  RECRESS  10*  11/14/82  15.84.11.  PACE  22 

1448* 

8414*  FILE  -  ROMS  < CREATED  -  41/14/821 

8424* 

8434*  niMimiJLTIPLE  . . . 

8444* 

8454*  dep.  m...  hanf  hanufacturinc  hours 

8444* 

8474* 

8444*  SURHARr  TAItE. 

8484* 


8544* 

8514* 

STEF  VARIABLE  E/R 

F  RULT-R  R-S8  CHANCE 

R 

overall  f 

SIC. 

8524* 

1 

T0CIMA1 

E 

7.253  .584  .341 

.341 

.584 

7.253 

.817 

8534* 

2 

NZULT 

E 

25.154  .881  .774 

.434 

-.434 

22.441 

.444 

8544* 

3 

RIM 

E 

8.413  .832  .844 

.884 

.454 

24.414 

•  AM 

8554* 

4 

TT 

E 

1.751  .842  .887 

.818 

.332 

21.447 

.444 

8544* 

5 

PtOTO 

E 

.843  .844  .884 

.848 

.528 

17.148 

.444 

8574* 

4 

TUTAREA 

E 

.284  .848  .888 

.843 

.141 

13.348 

.444 

8584* 

7 

RAIRACH 

E 

.324  .854  .883 

.484 

.442 

18.423 

.442 

R5RA*1IRITIAL  (SCRESSlON  41/14/82  15.44.41.  FACE  23 


8414*  FILE  -  HOMME  (CREATES  -  41/14/82) 

8424* 

8434*  **»»»»*««RULTIFLE  RECRESSIO 


(' 


8444* 

8454* 

8444*  RESIDUAL  RIOT. 
8474* 


8484* 

T  VALUE 

T  EST. 

RESIDUAL  -2SD 

1.4 

8484* 

8744* 

3.238 

3.454 

.118 

I 

8714* 

2.524 

2.475 

-.148 

8724* 

3.844 

3.711 

.483 

I 

8738* 

3.244 

3.311 

-.144 

8744* 

4.727 

4.512 

.144 

I 

8754* 

3.118 

3.484 

.437 

8744* 

4.174 

4.111 

-.424 

8778* 

3.734 

4.445 

-.348 

8744* 

4.481 

3.841 

.154 

I 

8784* 

2.843 

2.773 

.434 

8844* 

4.412 

4.222 

.184 

I 

8418* 

4.287 

4.143 

.155 

I 

1424* 

3.444 

4.474 

-.444 

I 

8434* 

3.524 

3.275 

.252 

I 

8444* 

3.334 

3.584 

-.242 

8454* 

4.745 

4.714 

.134 

IN#* 

8474*  an  •  («)  IMIUTES  ESTIMATE  CALCULATES  Hint  ISAM  SUBSTITUTES 

am*  i  laicAiu  point  out  of  rami  of  plot 


+2SD 


8814*  MKI  OF  CASES  RLOTTD 
8824*  WOE*  OF  2  8.1.  OUTLIERS 
1834* 

1844*  m  mam  mtio  3.1M8I 
I8S4* 


14. 

4  M  4  PERCST  OF  TME  TOTAL 
SNRRIR-UATiOi  TEST  2.85784 


8841*  WUXI  OF  F441TNC  ROI4UALS  14. 
4874*  wan  OF  4BRTIVE  80I4URL8  4. 
8844*  44M4ER  8F  RUM  OF  SIM  II. 

.1884* _  .... _  .  _ 
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c 


c 
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tw>  PORPAL  APPOeilMTlOM  TO  SICA  BISTRltUTIOR  [PPOSSISL*. 

Ml#*  USE  A  TMli  FOR  EIPECTEJ  VALUES* 

M2#*1IA1TIAL  RECRESSIOR  11/14/82  IS.#4.I1.  PACE  24 

M3I* 

MM*  FILE  ■  HORACE  (CREATED  •  81/14/821 

MM* 

MU*  «♦»♦*♦♦*#  HL  T  I  P  L  E  RECRESSIOK********* 
M7#» 

MM*  IIEP.  VMS...  PARRAT  PANUFACTURtM  PATERIALS 

MM* 


41M*  ISM  RESPONSE 

4.12844 

STB.  DEV. 

.7(286 

411#* 

.412#*  VARIABLE (S)  ENTERED  OR  STEP  1 

413#*  PROTO  MMSER  OF  PROTOTTPE  AIRCRAFT 

414#* 

413#*  AH.TIPLE  R 

.3462  AROVA 

8F  SUP  SOURCES 

PEM  so. 

41U*  R  SOURCE 

.3334  RECRESSIOR 

l. 

2.634 

2.634  7.72# 

417#*  STD  OEV 

.3841  RESIDUAL 

14. 

4.777 

.341  SIC.  .(15 

418#*  MJ  R  SOUARC 

.3(44  COEFF  OF  VARIA8ILIT) 

14.5PCT 

414#* 

42##*  VARIABLE 

t  S.E.  I 

F 

SIC. 

beta  elasticity 

421#* 

422#*  PROTO 

.342  .141 

7.72# 

.115 

.54617  .19241 

423#*  CODSTAIT 

3.234  .315 

1(6.734 

l(< 

4248* 

42J»* 

424#* 

4271*  «*«««»* 

««*«***«« 

HU 

1*4*1 

928#* 

924#*  VARIABLE (S 1  ENTERED  OR  STEP  2 

93##*  TOCRPAI  Ml  IMP  TAKEOFF  CROSS  VEICXT 

431#* 

432i*  1WLTIPLE  R 

.7438  AROVA 

DF  SIM  SOURCES 

KEAN  SO.  F 

433#=  R  SOURCE 

.63(1  RECRESSIOR 

I. 

4.67# 

2.335  11.174 

434#*  STD  DEV 

.4542  RESIDUAL 

13. 

2.741 

.211  SIC.  Mi 

9338*  ACJ  R  SOURCE 

.5732  COEFF  OF  VARIABILITY 

II.4PCT 

43U* 

437#*  VARIABLE 

S  S.E.  1 

F 

SIC. 

BETA  ELASTICITY 

438#* 

43M*  PROTO 

.341  .ill 

12.472 

.1*4 

.54368  .14223 

44##*  TOC1MI 

.374  .12# 

4.656 

.((8 

.52414  l.#4345 

441#*  CORSTART 

-.45#  1.373 

.477 

.3(2 

442#* 1  INITIAL  RECRESSIOR 

#1/14/82 

13.IA.fi.  PACE 

4431* 

444#*  FILE  -  MIME  (CREATED  -  (1/14/82) 

445#* 

44U*  ****»***«RULT1PL£  RECRESS  ION 
447#* 

44M*  to.  VAR...  IMNMT  MMFRCTURIK  MTESIALS 
44M* 

45##*  VMIAILEISI  t UTERES  OR  STEP  3 
451#*  BM.T  ULTIMTE  LON  FACTOR 

45M* 


433#*  MLTIPLE  R 

.4247  mm 

BF  SUP  SOURCES 

KAN  SO.  F 

4348*  1  HUARE 

.8643  AEMESSIM 

3.  6.413 

2.133  23.474 

433#*  STB  BEV 

.2143  KSIHIAL 

12.  I. MS 

.(84  SIC.  .(M 

936#*  R8J  R  S8URRE 

.13(4  COEFF  OF  VARIABILITY  7.2PCT 

437#* 

938#*  VARIABLE 

1  S.E.  1 

F  111. 

SETA  ELASTICITY 

434#* 

968#*  PR# TO 

.17#  .m 

4.36#  .(84 

.26813  .#8634 

Ml#*  TOCKMI 

.N6  .136 

42.634  .(M 

1.24(73  2.47##4 

962#*  RZHLT 

1.334  .243 

21.71#  .Ml 

.42442  .67233 

463#*  COKTAIT 

•1.481  1.466 

28.863  .Ml 

414#* 

iiVi 
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4441*  VARIAILEIS1  EXTERER  ON  STEP  4 
47M>  NIC 

4711* 

4721*  WLTIPLE  I  .4531  AMVA 

DF  SUN  SOUARES 

KAN  SO. 

F 

4731*  R  SOURtf 

.4123  REGRESSION 

4. 

4.744 

1.444 

28.114 

4741*  STB  DEV 

.2431  RESIDUAL 

11. 

.454 

.454  SIC.  .HI 

mb  ARJ  R  SMJARE 

.8814  COEFF  OF  VRRIARILITT 

4.4PCT 

4744* 

4774*  VARIABLE 

1  S.E.  1 

P 

SIC. 

BETA  ELASTICITY 

Vtb 

4744*  PROTO 

.131  .173 

3.224 

.144 

.14448 

.44454 

4044*  TOCWAI 

.834  .114 

52.477 

.444 

1.17453 

2.33825 

4014*  KULT 

1.R8S  .244 

14.411 

.442 

.75144 

.54748 

4821*  niz 

.158  .144 

4.117 

.432 

.27814 

.11819 

4831*  CORSTMT 

-7.429  1.744 

21.444 

.441 

mt’UXlTltt.  REGRESSION  lt/ll/12  15.44.41.  PACE  21 

N» 

9844*  PILE  -  MWME  (CREATES  •  11/14/12) 

4874* 

4881* . .  REGRESSION********* 

!«■ 

94M*  REP.  VAA...  MMMT  NWUFACTURIK  MTERIRLS 
4814* 

mi*  VARIABLES)  ENTERED  ON  STEP  5 

8834*  TT 

««■ 


4454*  MULTIPLE  R 

.4574  AMVA 

OF  SUN  SOUARES 

KAN  S8. 

P 

4944*  R  S8UARE 

.4147  REGRESS  1  CD 

5. 

4.743 

1.359 

22.144 

4474*  STB  DEV 

.2485  AESIDUAL 

tl. 

.417 

.442  SIC.  .IM 

4484*  ARJ  A  SOUAK  .8754  COEFF  OF  VAR I AN I L I TT  4.2 PCT 

4444* 

MM*  VARIABLE 

1 

S.E.  1 

F 

SIC. 

IETA  ELASTICITY 

Mil* 

M24*  PROTO 

.124 

.474 

2.151 

.144 

.18225 

.15882 

4434*  T0C8MI 

.434 

.in 

27.438 

AM 

1.3M14 

2.44424 

4444*  CULT 

1.141 

.282 

14.284 

.442 

.78443 

.57471 

1454*  nn 

.134 

.HI 

3.851 

.478 

.24475 

.11592 

1444*  TT 

-.445 

■M7 

.527 

.485 

-.13475 

-.11773 

4474*  CONSTANT 

-8.444 

1.47S 

18.434 

.Ml 

R444*1IRIT1AL  REGRESSION  11/14/12  15.R4.il.  PACE  27 

RR84* 

I14R*  PILE  -  MIME  (CREATES  •  11/14/821 

IUI> 

8124*  *  »  #  »  •  »  4  4  ♦  N  U  L  T  I  P  l  E  R  E  C  I  E  S  S  I  0  I  4  4  4  4  4  4  4  4  4 

fist* 

Ills*  REP.  DM...  MMMT  MMIFKTURIK  MTERIRLS 
4151* 

RUM  MURMUR)  ERTERO  01  STEP  4 
HIM  TIMER  TOTAL  RETTEB  AREA 

ll» 

H«*  RMTIPLE  I  .4434  AMUR  V  SUN  SMIAIEI  KAN  SO.  F 

mb  I  SURE  .TEAS  REGRESSION  4.  4.N4  1.147  14.447 

1214*  STI  DEV  .2427  RES  DUAL  4.  ,S»  .154  SIC.  .*M 

I22*»  ARJ  R  SOMME  .SIM  CREFF  IF  VARIA41LITT  4.IFCT 
•224* 


8244*  VMIAKE 

8254* 

1 

S.E.  B 

F 

sit. 

BETA 

ELASTICITY 

1244*  PROTO 

.AM 

.484 

1.487 

.122 

.12785 

.M128 

4278*  TOCKAI 

1.518 

.524 

8.557 

■H7 

t. 15545 

4.281H 

8244*  CULT 

1.144 

.274 

17.411 

.M2 

.MTS 

.51473 

1284*  NIB 

.145 

.472 

5.211 

.441 

.28142 

.11487 

8344*  TT 

-.175 

.457 

1.444 

.227 

-1.84121 

•1.71344 

.BlA*.tUIMFA___ 

_m. 

— -.144— 

t  m 

WA 

- U8RL 

1321*  COKSTMT 

-15.739  4.171 

4.547 

.431 

'  I333*1IK!TIAL  REGRESSION 

41/14/82  15.44.41.  PACE  28 

1344* 

,  1331*  FILE  -  KOMKE  (CREATED  -  11/14/32) 

v  1341* 

1371*  uni 

f  3333* 

CncSSiQIMft 

1  3333*  DEP.  VAR.. 

MHMT  MKUFACTURIKC  MTESIALS 

•433* 

,  4413*  VARIAIUIS)  EMTEKEO  OK  STEP  7 

^  1424*  MIMCH 

MIIKUK  RACH  KUK8ER 

3433* 

_  4443*  MLTIPLE  R 

.9475  ANOVA 

OF  SUN  S8UARES  KEAN  SO. 

F 

®  3333*  8  Stuff 

■4344  RECRESS  I OK 

7. 

4.934  .991 

1&.7I7 

4443*  ST1  DEV 

.2435  RESIDUAL 

8. 

.474  .459  SIC.  .AM 

_  3473*  *U  R  SQUAKE  .8333  COEFF  Of  VMIWILITT 

4.4PCT 

V  4433* 

4443*  VM1A3LE 

1  S.E.  4 

F 

sic.  beta  elasticity 

•534* 

4513*  PROTO 

.474  .(82 

.737 

.415  .14485 

.43449 

•524*  TOCWA1 

1.798  .591 

9.249 

.414  2.51744 

5.41214 

•534*  CULT 

1.143  .278 

14.952 

.443  .79239 

.57454 

4544*  KIK2 

-.253  .437 

.334 

.578  -.44459 

-.42944 

•554*  n 

-.497  .442 

2.447 

.154  -2.54422 

2.23472 

•544*  TNTAREA 

1.452  .724 

2.134 

.182  1.5495! 

2.13918 

•574*  MIMCH 

.934  .  944 

.944 

.344  .74144 

.43544 

•584*  COKSTMT 

-18.259  4.711 

7.443 

.424 

•594* 

•444* 

4414*  KLL  VARIABLES  ARE  IK  THE  EOUATIOK. 

•424* 

•434* 

1443* 

•*»*  COEFFICIEKTS  AHS  CONFIDENCE  INTERVALS . 

4444* 

•474*  VARIA8LE 

•  95PCTC.I. 

•493*  PROTO 
•744*  racw«i 
•713*  KZULT 
i7a>  muz 
1731*  n 
1741*  TUT AREA 
•731*  MIMCK 
•743*  CONSTANT 


•7H.  uariance/covariakce  mtrh  of  rtc  uwomnn  regression  coefficiekts. 
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c 


1981*1  INITIAL  REGRESSION 


#1/14/82  1S.I4.II.  PACE  29 


t 

c 

c 

o 

o 


c 

c 


c 


lfM*  FILE  -  NONANE  (CREATED  -  <1/14/021 

III#* 

1121*  •i«*»*«»*RULTIPLE  regression****** 
1131* 

1041*  DEP.  VAR...  RAN RAT  RANUFACTURINC  NATES  I ALS 

l«St> 

lit** 

in*  SURRART  TABLE. 
l<8<* 

1190*  STEP  VARIABLE  E/fi  F  ROU-R  R-SS  CHANCE  R  OVERALL  F  SIC. 

UN> 


mo* 

1 

PROTO 

E 

7.72# 

.594 

.35! 

.355 

.594 

7.72# 

.<15 

1121* 

2 

TOCURAI 

E 

9.454 

.794 

.43# 

.275 

.525 

11.174 

.#12 

1130* 

3 

R2XT 

E 

21.71# 

.93# 

.844 

.234 

.#58 

25.479 

Ml 

1141* 

4 

RIRZ 

E 

4.017 

.935 

.912 

.148 

.479 

28.414 

.#<# 

115#* 

S 

E 

.327 

.957 

.917 

.<<4 

.3#7 

22.##* 

.Ml 

1141* 

4 

TVTAREA 

E 

1.482 

.944 

.928 

.112 

.11# 

19.447 

,<M 

117#* 

7 

RAIRACH 

E 

.944 

.947 

.934 

.#<8 

.435 

14.717 

.Ml 

!18#*11R1TIAL  RECRESS  I OR 

#1/14/82 

15.14.11. 

PACE 

1191* 

12M*  FILE  -  NONANE  (CREATES  -  <1/14/82) 

1211* 

1221*  *********  R  U  L  T  I  P  l  E  RECRESS10 


1231* 

1241* 

125#* 

124** 

RESIDUAL  PLOT 

• 

1271* 

128#* 

T  VALUE 

T  EST. 

RESIDUAL  -2SD 

#.# 

129#* 

3.138 

3.249 

.189 

I 

13M* 

2.784 

2.822 

-.#34 

1311* 

3.908 

4.88# 

-.172 

1321* 

3.873 

3.844 

.129 

1331* 

5.15# 

4.853 

.197 

l 

13M* 

3.288 

3.252 

.#34 

1351* 

4.385 

4.349 

.#35 

134#* 

3.918 

4.331 

-.42#  . 

I 

1371* 

4.251 

4.31! 

*.M9 

13M* 

3. 108 

2.994 

.114 

1391* 

4.811 

4.437 

.143 

I 

14M* 

4.442 

4.538 

.125 

I 

1411* 

4.240 

4.471 

-.213 

142#* 

3.857 

3.449 

.2(7 

I 

1430* 

3.731 

3.9S2 

-.222 

1 

1440* 

1450* 

5.244 

5.142 

.114 

I 

1440*  NOTE  •  (4)  INDICATES  ESTIMATE  CALCULATED  KITH  READS  SUBSTITUTES 
147<«  I  I0ICATES  POINT  OUT  OF  RAKE  OF  PLOT 

MOD* 


ISM*  MKR  OF  CASES  PLOTTED  to, 

19U>  NKR  OF  2  S.l.  OUTLIERS  <  OR  I  PERCENT  OF  THE  TOTAL 


1930*  VON  ICUHANR  RATIO  2.4704S 
1S40> 

1534*  NBNKI  OF  POSITIVE  (CSIKJAU 
ISA#*  NUNDCI  OF  SCAT  Iff  RESIDUALS 
157f*  Maa  OF  MM  OF  SICK 


KMIN-WTSOR  TEST  2.32355 

10. 

4. 

f. 


ISM* 

139**  ROODAL  WPMIAATIOR  TO  SICK  IISTOIMTIOR  IKOSSIlLE. 

UN*  BSE  A  TAKE  FOR  EXPECTED  VALUES. 

1411*1  INITIAL  AEBKMIOR  11/14/02  15.04.11.  PACE 

1420* 


.ILIRt  EU i_-_  NONARF  .-inE4IES_J_U  U4/RP1 


31 


132 


c 

c 

c 

c 

o 

c 


( 

c 

c. 

c. 


o 

o 

o 

o 

0 

o 

r 


164#* 

145#* 

164#* 

147#* 

14##* 

149#* 

17««= 

171#* 

172#* 

173#* 

174#* 

175#* 

174#* 

177«* 

17M* 

179#*  VARIABLE 
IN# 

181# 

182#* 

183#* 

184#* 

185#* 

. . . 

187#* 

188#*  VARIABLE (S>  ENTERED  ON  STEP  2 

189#*  T0CWA1  H4I1HUN  TAKEOFF  CROSS  HEIGHT 

191#* 


'tllMUHULTlHE  R  E  t  8  E  S  S  1  0  N  . . * 

HEP.  VRR...  EMC  EMCINEER1HC  HOURS 

N£««  RESPONSE  1,9(59#  STO.  DEV.  .7814# 

VARIABLES)  ENTERED  ON  STEP  1 
PROTO  NUNKR  OF  PROTOTTPE  AIRCRAFT 

MULTIPLE  8  .5787  ANOVA  OF  SUN  SQUARES  MEAN  SO.  F 

R  SOUARE  .3257  REGRESSION  1.  2.984  2.984  4.743 

Sll  DEV  .4442  RESIDUAL  14.  4.177  .441  SIC.  .#21 

MJ  R  SOUARE  .2774  COEFF  OF  VARIABILITY  34.9PCT 


S.E.  8 


SIC. 


:  PROTO 
■  CONSTANT 


.417 

1.181 


,14#  4.743  .#21 

358  9.1(8  .##9 


BETA  ELASTICITY 
.57*72  .43293 


19l#=  MULTIPLE  R 

.8*2#  ANOVA 

DF  SUN  SQUARES 

RE  AN  SO.  F 

192#*  R  SOUARE 

.4432  REGRESSION 

2. 

5.892 

2.944  11.715 

193#*  STD  DEV 

.5(15  RESIDUAL 

13. 

3.249 

.251  SIC.  .HI 

194#*  ADJ  R  SOUARE 

.5883  COEFF  OF  VMIABIlITT 

24.3PCT 

195#= 

194#*  VARIABLE 

8  S.E.  8 

F 

SIC. 

BETA  ELASTICITY 

1978- 

198#*  PROTO 

.414  .121 

11.844 

.(#4 

.57*19  .43253 

199#=  T0CW9AI 

.447  .132 

11.545 

.#(5 

.54342  2.43434 

2  ###=  CONSTANT 

-3.943  1.5(2 

4.893 

.(21 

2*1#*1 INITIAL  REGRESSION 

(1/14/82 

15.14.11 .  PACE  : 

2#2#= 

2#3#=  FILE  -  NONANE 

1  CREATED  •  11/14/82) 

2(4#> 

4  4  N  U  L  T  I  P  L  E 

R  E  ( 

;  R  E  S  S  1 

2(4# 

2(7(*  HEP.  VAR...  EMC 
2#8t> 

2#9#*  VARIAHEISI  ENTERED  ON  STEP  3 
21##*  M1R.T  ULTIMTE  LOAI  FACTO* 
211#* 


EWIKERINC  HOURS 


212#*  NULTIPU  R 
213#*  R  SOUARE 
214#*  in  DEV 
215#*  ABJ  *  SQUARE 
214#* 

217*  MtlAHE 

tm> 

2191*  PHOTO 
22##*  TtCMAI 
22 1#*  CUT 
222#*  COMTMT  ■ 
223#* 

Z24#> 

225#* 

2240*  4  4  *  «  <  «  < 


.92(4  RMOVA 


OF  SUN  SQUARES  ICAN  SQ. 


.8475  RECRESSIM 

3. 

7.744 

2.5(8  22.234 

.3412  RESIDUAL 

12. 

1.397 

.lu  sic.  .m 

■  B#9A  COEFF  OF  VARIAIIUTT 

17.9PCT 

1 

S.E.  1 

F 

SIC. 

BETA  ELASTICITY 

.193 

.199 

3.747 

.(74 

.24419  ,2«#41 

.979 

.141 

37.444 

.(## 

1.23208  5.74008 

1.3(4 

.3*5 

14.(05 

.m 

.14140  1.47474 

12.214 

2.310 

28.1(2 

.#(( 

2271* 

22N*  VARIAHEISI  ENTERED  ON  STEP 
>»Hj  tt 
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L 

C 

C 

c 

o 

o 

(' 

( 

c 

c 

( 


c 

o 

o 

o 

0 

o 

0 

o 


2314*  MILT IPLE  R 

.1252  ANOVA 

OF  SUN  S8UARES 

NEAN  SO. 

F 

2324*  R  SQUARE 

.8554  REGRESSION 

4. 

7.841 

1.144 

14.334 

2334*  STD  DEV 

.3444  RESIDUAL 

tl. 

1.324 

.124  S1G.  .Ml 

2344*  ADj  R  SQUARE 

.8435  COEFF  OF  VARIADILITT 

18.2PCT 

2354* 

2344*  VAR  CARLE 

8 

S.E.  1 

F 

SIC. 

BETA  ELAST1C1TT 

2374* 

2384*  PROTO 

.217 

.145 

4.248 

.444 

.21741 

.22547 

2344*  TOCW4AI 

.851 

.228 

13.112 

.443 

1.47147 

5.81351 

2444*  CULT 

1.354 

.354 

14.578 

.413 

.84143 

1.43884 

2414*  TT 

.447 

•111 

.444 

.441 

.17311 

.35545 

2424*  CONSTANT  - 

11.411 

2.554 

24.337 

.441 

2434MINITIAL  REGRESSION  *1/14/82  15.44.11.  PACE  33 

2A44* 

2*54*  FILE  -  NONANE  (CREATED  -  *1/14/82) 

24*1* 

2471*  iMtlMiHULTlfLE  REGRESSION********* 
2484* 

2444*  SEP.  VAR...  ENC  ENGINEERING  POURS 

2544* 

2514*  VMIAILEISI  ENTERED  ON  STEP  5 


2524*  TUT AREA 

TOTAL  NETTED  AREA 

2534* 

2544*  M1LT1PLE  R 

.1411  ANOVA 

DF  SUN  SQUARES 

NEAN  S8.  F 

2554*  R  SQUARE 

.8872  REGRESSION 

5. 

8.128 

1.424  15.734 

2541*  STO  DEV 

.3214  RESIDUAL 

11. 

1.133 

.113  SIC.  .IM 

2574*  AOj  R  SQUARE  .8341  COEFF  OF  VARIADILITT 

14.1PCT 

2584* 

2514*  VARIABLE 

8 

S.E.  8 

F 

SIC. 

BETA  ELASTICITY 

24M* 

2411*  PROTO 

.271 

.1*3 

4.138 

.425 

.37177  .28211 

2424*  TOCUNAI 

-.231 

.487 

.121 

.735 

-.38443  -1.44472 

2431*  CULT 

1.235 

.335 

13.541 

.144 

.74971  1.31422 

2444*  TT 

.121 

.474 

3.881 

•  111 

3.15294  4.24895 

2454*  TNTAREA 

-1.431 

.851 

2.777 

.127  ■ 

•1.92147  -4.15289 

2441*  CONSTANT 

1.321 

8.448 

.127 

.873 

2474*1  INITIAL  REGRESSION  41/14/82  15.44.41.  PAGE  3* 

2484* 

2414*  FILE  -  NONANE  (CREATES  •  41/14/82) 

2744* 

2714*  »»***»***NULT  IPLE  REGRESSION********* 
2724* 

2734*  SEP.  VAR...  ENC  EKIKERINC  HOURS 
2744* 

2754*  VAR CABLE (SI  ENTERED  ON  STEP  4 

2744*  NIC 

2774* 


2714*  MULTIPLE  1 

.9433  MOVA 

DF  SUN  SQUARES 

NEAN  $8.  F 

2714*  R  SQUARE 

.1418  REGRESSION 

4. 

4.151 

1.358  12. CM 

2444*  STI  DEV 

.3354  RESIDUAL 

1. 

1.411 

.112  SIC.  .141 

2914*  ARJ  R  SQUARE 

.4143  COEFF  OF  VARIAIILCTT 

17.4PCT 

2424* 

SC*  VMIARLE 
CM* 

1 

D.E.  1 

F 

SIC. 

IETA  ELASTICITY 

2854*  PHOTO 

.231 

.111 

5.4*3 

.444 

.355*3  .24132 

2*44*  TOCUNAI 

-.114 

.724 

.144 

.414 

-.23131  -1.48271 

2174*  CULT 

1.143 

.311 

1.334 

.114 

.72434  1.24215 

2184*  TT 

.12* 

.471 

2.20 

.145 

2.83351  5.81854 

2114*  TNTAREA 

-C.3C 

.t31 

1.124 

.m  ■ 

•1.74714  -5.51154 

2944*  CO 

.144 

.III 

.247 

.444 

.47214  .11113 

2914*  CONSTANT 

.451 

1.515 

.114 

.141 

2124*tlNtTIIL  KCRESNIOR  41/14/12  15.44.41.  PACE  35 

2134* 

2144*  FILE  -  MANE  10KATD  ■  41/14/Cl 
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c 

c 

c 

C 

o 

c 


(■ 

( 

r 

c 


2941*  #a*#*»***NULTlPLE  REGRESSION******* 
29  71* 

2984*  DEP.  VM...  EMC  ENGINEERING  HOURS 
2991* 

3MI*  VAR1A81EIS)  ENTERED  ON  STEP  7 
Mil*  MIMCH  Mil  NUN  MCH  MINDER 
M2I* 

MM*  NULTIPLE  R  .9151  ANOVA  IF  SUN  SQUARES  HER*  SO.  F 

MM*  R  SQUARE  .1131  REGRESSION  7.  8.182  1.16?  9.551 

3UI*  STS  DEV  .3*98  RESIDUAL  8.  .979  .122  SIC.  .M2 

M64*  AJU  R  S8UARE  .7996  COEFF  OP  VAR1A81LITT  1B.4PCT 

3171* 


3Mf* 

VAR1AILE 

I 

S.E.  8 

F 

SIC. 

SETA 

ELAST1CIT' 

M9«* 

31M*  PROTO 

.271 

.117 

5.269 

.151 

.36911 

.28MI 

3111* 

TOCNNAI 

-.376 

.849 

.196 

.671 

-.47315 

-2.21394 

3121* 

CULT 

1.177 

.399 

6.707 

.118 

.73389 

1.25496 

31M* 

TT 

.137 

.189 

2.337 

.165 

3.23341 

6.63953 

3141* 

TUTAREA 

-1.469 

1.135 

2.115 

.194 

-1. 97181 

-6.31414 

3151* 

NIN2 

.356 

.628 

.322 

.586 

.56489 

.18635 

3161* 

NAIMCH 

-.695 

1.384 

.252 

.629 

-.51838 

-.15563 

3171* 

CONSTANT 

2.521 

9.642 

.468 

.8M 

3181* 

3191* 

32M*  ALL  VARIASlES  ARE  IN  THE  EQUATION. 
3211* 

3221* 

32M* 


3241*  COEFFICIENTS  AND  COMFIDEMCE  INTERVALS. 
3251* 

3261*  VARIABLE 
3271* 

1 

95  PCT 

l»  f 

Wat* 

32M*  PROTO 

.2695 

-.M13 

.5413 

3291*  TOCNNAI 

-.3756 

-2.3343 

1.58M 

33M*  N2ULT 

1.1775 

.2573 

2.1974 

3311*  TT 

.1367 

-.1695 

.3428 

3328*  TUTAREA 

•1.4685 

-3.8543 

.9172 

3331*  NINZ 

.3563 

-1.8921 

1.M48 

33M*  MIMCH 

-.6948 

-3,8874 

2.4979 

3351*  CONSTMT 
3361* 

3371* 

2.5213 

-19.7IM 

24.7565 

3381*  VARIANCE/COVARIANCE  NATR1I  Of  TK  UNN0RNALI2ES  RECRESS10N  COEFFICIENTS. 
3391* 

34M* 


0 

3421*  TT 

.11863 

.M744 

34M*  PROTO 

.H974 

•  M439 

.81379 

3441*  TKUMI 

-.22373 

-.17361 

-.M931 

.72141 

0 

3451*  TUTAREA 

-.17428 

-.89173 

-.14817 

.82M3 

1.17136 

3461*  NAIMCH 

-.85754 

-.14662 

-.12836 

.52956 

.45854 

1.91683 

3478*  CULT 

-.M174 

-.M218 

-.I19M 

.17948 

.11517 

-.13341 

o 

MM* 

M9f* 

NIC 

TT 

PROTO 

TOCHMI 

TUTAREA 

MIMCH 

3511* 

3521*  CULT  .13923 

3531* 

3SM*  CULT 

3551* 

3564* 

357#* 1 INITIAL  REGRESSION 
ISM* 

3591*  FILE  -  NONANE  (CREATE! 


11/14/82  13.M.I1.  PACE  36 


11/14/82) 


wti*  «  •  .4.*  .*_«juu_t_i_pj  .r  ttcirtpUMdinxi 
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L 

c 

t 

c 

o 

o 


c 

c 

c 

c 


c 

0 

o 

o 

o 

o 

o 

c 


;«:i= 

S*34*  HER.  VAR...  EMC  ENCtMEERINC  HOURS 

3*44* 

3*50= 

3**ls  SUIWAR1  T»BLE. 

3*71* 


3*81* 

3*44* 

STEP  PAR I ABLE  E/R 

F  RULT-R  R-S8  C 

HAMCE 

R 

OVERALL  - 

SIC. 

3744* 

4 

PROTO 

E 

4.7*3 

.57! 

.324 

.32* 

.571 

*.742 

.421 

1714* 

2 

TOCURAI 

E 

11.5*5 

.842 

.443 

.317 

.5*4 

11.715 

.841 

3724= 

3 

M2ULT 

E 

14.185 

.421 

.848 

.244 

.442 

22.234 

.844 

3734* 

4 

TT 

E 

.*44 

.925 

.85* 

.448 

.4*5 

14.334 

.444 

J744* 

5 

TliTAREA 

£ 

2.777 

.442 

.887 

.431 

.344 

15.734 

.444 

3754* 

* 

RIM2 

£ 

.217 

.943 

.848 

.443 

.323 

12.148 

.441 

37*4* 

7 

NAIRACH 

E 

.252 

.945 

.393 

.443 

.288 

9.551 

.442 

3774MIIITIAL  RECRESS iOM  *1/34/82  15.14.11.  »KE  37 

3784* 

3741*  FILE  •  ROMAIC  (CREATES  •  <1/14/821 
3844* 

3611=  iMimtHliniflE  RECRESSION********* 
3821* 

383** 

3844*  RESIDUAL  PLOT. 

3854* 


38*4= 

3874* 

T  VALUE 

1  EST. 

RESIDUAL  -2SD 

4.4 

3884* 

.5*2 

.423 

-.18) 

,  t 

3894* 

.*98 

.75* 

-.458 

.  I 

3944* 

1.447 

1.489 

-.242 

I 

3914* 

1.71* 

1.7*8 

-.452 

.  I 

3924= 

3.4*4 

3.45* 

.412 

I. 

3934= 

l.«59 

1.255 

.243 

I 

3944* 

1.881 

1.995 

.114 

.  1 

3954* 

2.245 

2.317 

-.472 

.  I 

39*4* 

2.135 

2.122 

.413 

I. 

3974= 

1.44* 

.844 

.1*5 

1 

3984* 

2.754 

2.25* 

.497 

I 

3994* 

1.413 

2.331 

-.514 

I 

<4M* 

1.953 

2.2*7 

-.314 

I 

*414* 

2.224 

1.994 

.23* 

I 

*421= 

1.917 

1.977 

-.1*4 

.  I 

*434* 

3.445 

2.4*1 

.314 

I 

4444* 

4454*  MOTE  ■  (•)  IMICATES  ESTIMATE  CALCULATED  KITH  REAMS  SUBSTITUTED 

4444*  I  INDICATES  POINT  OUT  OF  RAKE  OF  PLOT 

4474* 


4  PERCENT  OF  TIC  TOTAL 
MUUHMTSON  TEST  2.45*84 


4444*  MURDER  OF  CASES  PLOTTED  1*. 

4144*  INNER  OF  2  S.D.  OUTLIERS  4  OR 
4114* 

4324s  «■  REIMAN  RATIO  2.1434* 

4134* 

4144*  MINER  OF  PQ81T1K  RESIDUALS  7. 

4134*  DRIER  OF  KCATIVE  RESIOUALS  4. 

4144*  NNER  OF  RUN  IF  SION  0.  . 

4174* 

4114*  NRRRL  APPWIIRATIOR  TO  SIN  DISTRIIUTIOR  INOSSIILE. 

4144*  UK  R  TRUE  FOR  EVECTQ  VALUES. 

4244-1INITHL  RECKSSIN  11/14/82  15.44.41. 

4214* 

4224* 

4234*  CPU  TINE  KW1REI..  .4144  SECONS 
4244* 

4234* 

42*4* 

U74*  .TOT*  ..f»u  Tt«  IW*. _ ,.uu  Sftrmt . 


PACE  34 
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APPENDIX  E 
REGRESSION  REG  3 
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I 


1 


I##*: 

u#*s 

121* 

1 

1/13/82  ll.23.3T,  PACE 

::#-- 

vocElBa;.  conru*:n;  cever 

141s 

131* 

hOR'-MES'ERN  UNIVERSITY 

141* 

171* 

5  >  5  i  •  ■  STATISTICS.  PACRACE 

R  *«E  SOCIAl  SCIENCES 

181* 

191= 

2M* 

211* 

221* 

VERSION  8.1  --  JUNE  IS.  1979 

:c#=  run  nane  :v.';tu  recressig* 

2*#=  variable  _:st  nIvL’.najpach.tm'mea.tosmpai.frct: 

251=  iK0.CBC.M<tH»T.:C3U.*M(f 


241*  VAR  LABELS 

NIULT  UL'INATE  lCAO  FACTOR/ 

271* 

"AJNACH  NAS  I  NUN  PACK  VJNBER/ 

281= 

TV'AREA  TOTAL  jETTEC  AREA/ 

291* 

TOCMNAX  NAJINUN  ’AKEOFr  CROSS  MEIGHT' 

811* 

PROTO  NUMBER  OF  PROTC'TPE  aiRCRA F*7 

311* 

EW  ENCINEERINC  JOURS' 

321* 

OK  OTHER  DIRECT  COSTS.' 

331* 

NANNA-  NANUFACTJRINC  NATERIAlS' 

3»l* 

TOOL  TQOL1NC/ 

331* 

"ANF  NANUFAC’JRCNO  HOURS/ 

341=  INPUT  FCRNAT 

FREER CELD 

371=  s  ”  CASES 

UNPNOMN 

381=  CONFUTE 

ENC*lN1EnC! 

39#*  CONFUTE 

30C*LN. CCCI 

ill*  COYOTE 

tool=ln;tool. 

AS#*  CCPF.'E 

NANN8T=lNiHANNAT) 

42#*  CONFUTE 

NANF*LNINANC| 

431*  CONFUTE 

TyAREA*LN  TutAREA> 

44|=  CONFUTE 

N2ULT*LNtNTjLTl 

431=  CONPU*S 

NAINAC-=LNINAINACH| 

441=  CONFUTE 

TOCMNA1=lN!TOCMKAJ) 

471*  CQNFU'E 

FRCTO=LN1FROTO) 

43#*  RECRESSCON 

V*RIA8LES=tNC.«UL*.NAJNACH,  TNT  AREA 

49#* 

T  OCNNAS i FACT  OtNANNAT = NANF • TOOL  t  ODC 

3#»* 

RECRt SSION'OBC  MI*-  CJLTtNAINACr.'MTRREA 

31#* 

TOCMNASiFROTO!I)/RESIB*# 

321= 

RECRESS:0N=NANNAT  MITH  NIUL* > NA  WCh , tmtarea 

33#* 

TCCMWWtFROTOlSi/RESID*# 

3*1* 

RECRESSION=NANF  vr-  N2ULT  t  NAINACh  »  tut  area 

331* 

TOCMNAX  iFROTC  1 11  /RESID*# 

341* 

RECRESS:ON*TOOL  MITH  NZULT.NAXNACH.T'.TAREA 

571* 

TKMNM.PROTOID/RESU*# 

384* 

RECRESSION*ENC  MITH  NIULT iNAINACH. TM'AREA 

39#* 

TOCMNAJiFROTOID/RESIS*# 

4M*  STATISTICS 

ALL 

HI*  Util)  INPUT  DAT  ft 
4 8* 

431*  M43HH  CP  NEEDED  TON  NECRESSION 
441* 

431* 

441* 

471*  EH  OF  Fill  ON  FILE  F»! 

481*  AFTER  REAOINC  8  CASES  FNON  SUIFILE  NONANE 

4H*un:tial  necnession  ii/is/s:  11.23.37.  pace 

7H> 

711*  FILE  -  NONANE  I CREATED  -  #1/13/62) 
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> 


> 


. . U  L  •  :  t  i.  £  *  £  S  »  £  S  »  :  0  »  •  * . 

7*8= 


748s  .M'.AKE 

778s 

REAP 

STANDARD  dev 

CASES 

788s  EDO 

2.1832 

.417* 

3 

781s  «ULT 

2.3*33 

.1177 

8 

888s  PAIBACK 

.3**4 

.3*24 

8 

818s  TU'AREA 

7.7123 

.2813 

5 

821s  TQCPPA1 

18.7821 

.4*84 

6 

838s  PROTO 

2.38*9 

.9341 

6 

8**s  PANPA* 

*.2231 

.78*8 

8 

856s  PMF 

3.8523 

.4*3* 

8 

841s  TOOL 

1.5822 

.5873 

8 

871=  obc  *.*::: 

888s 

8*1= 

9|0. 

*18=  CORRELATlOk  COEFFICIENTS. 

*28= 

*38=  A  VA.JE  0*  **.88881  IS  PRIPTES 

,8943 

?; 

*«8=  I-'  A  C0Efc: 
*58= 

*48= 

*78=  SIULT 

988=  PA1PAC" 

IIEP*  3APPCT 

.35281 

.58225 

32  COPPVTEB. 

.*7114 

*98=  -UTMEA 

-.24277 

-.18188 

-.643*9 

1818=  7GCUPAK 

.81*8. 

.33244 

.753*6 

-.3833* 

1118=  PRCTO 

.52528 

.84*83 

.21146 

.12555 

1828=  RPPRAT 

.8552? 

.313*2 

.7517* 

-.2938; 

1838=  PAPF 

.83728 

.54145 

.7358-3 

-.24»?4 

11*8=  TOOL 

.82333 

.**733 

.*461 1 

-.6328* 

.158=  ODC 

1848= 

.678*7 

.33143 

.34525 

-.1772* 

1878= 

1888= 

18*I« 

1188=  XAPf 

.111=  TOOL 

END 

.97531 

.4*14* 

W1B.T 

.71111 

PAMACn 

TiTAREA 

1128=  OBC 

1138* 

.7*824 

.4362* 

.8*538 

;t*8=  PAPPAT 

1131= 

1148s 

U7I>1IK1T7AL  RECRESSIOR 
1188= 

PAPF 

TOOL 

81/15/82 

1198s  y.S  -  POPAPE  (CREATED  •  81/13/82) 

.:«n 

.95*56  .344?' 

.8*25#  .:8a*: 

.528*4  .’'HI 

.717*4  .77**9 

*;;<wj  ?*o*3 


16.23.57.  ’age 


<2||s 

Ini . PULT1PLE  . . 

1221s 

1231s  OEP.  VAR...  OK  OTHER  DIRECT  C0S7S 
I2«t> 

ia*»  PEAP  RESPOPSE  *.*2217  STB.  DEV,  .8’*=* 

12M> 

1271s  VARIABLE  IS)  ERTEREB  OP  STEP  1 
12*#S  PHOTO  WIHKR  Of  PROTOTTFE  AIRCRAFT 

.78M  MOV*  Of  SUP  SQUARES  REAP  SO.  F 

.4484  RECRESSIOR  1.  3.421  3.421  *.321 

.4*58  RESIDUA*.  4.  2.212  .347  SIC.  .821 

.5431  COEFF  OF  VMIAIIL'.TT  12.3PCT 

|  S.E.  8  F  510.  IT*  ELASTICITY 

.731  .23*  *.321  .122  .77***  .38*73 


12*8« 

1388s  IPA.TIPLE  R 
131I>  R  SQUARE 
1328s  STB  DEV 
1338s  MU  R  SQUARE 

'Zmm 

1344s 

1378s  PROTO 


139 


.  i»l=  I.UNS.4N  j.IlH  .«»  ki  .VI'I  .  H» 

1391= 

Itfls 

;i;»= 

142*=  . . . 

.*>•= 

144*=  VAAIABlE(S)  EMTERES  OK  STEP  2 

145*=  ’0CNNA1  NAI'.KJR  TftKECPF  MOSS  UEtSHT 

im* 


147*=  »UL"9LE  R 

.9348  ANCVA 

5F  SUN  SQUARES 

KEAN  Si. 

F 

.48*=  R  SQUARE 

.8775  RECRESSION 

2.  4.915 

2.447 

17.91C 

U9*=  STD  JEV 

.3711  RESIDUA.. 

5.  .469 

.138  S 

10.  .(*5 

15**=  ADO  R  lie ARE 

.8135 

COEFF  OF  VARlADI.ITr  T.3PCT 

|  151*= 

152*=  VARIABLE 

8 

S.E.  t 

F  SIC. 

SETA  E-AST’.CIT' 

153*= 

•  154*=  PROTO 

.588 

«*3 

U.793  .*:: 

,4I74« 

.3*949 

155*=  TOCNPAl 

1.131 

.324 

11.987  .*21 

.54874  0 

.34471 

154*=  CONS’Alf 

-8.031 

3.424 

5.798  .*41 

i37*=::n:t:ai  recression 

01/1*7  Ok 

11.25.57. 

’ACE 

wivaNki."'.  wi'nitu.  .1 

:5S»= 

1591=  f.wE  -  NOMAPE  tCREATEO  -  *1/15/82) 

14M= 

1411=  i  i  n  i  i  n  i  f  s  t  1  1  *  L  E  R  E  C  R  E  S  5  I  0 
142*= 

143*=  HEP,  VAR...  Otc  OTHER  DIRECT  COSTS 
144** 


145*=  VARIABLE  IS)  ENTERED  ON  STEF  I 
144*=  N2ULT  ULTIMATE  LOAD  FACTOR 
147*= 

148*=  NUL'IPLE  R  .944;  ANCVA 

OF  SO! 

!  SQUARES 

SEAN  S3.  F 

149*= 

R  5C..ARE 

.8914  RECRESSION 

3. 

5. *13 

1.471  11.945 

17**= 

STD  DEV 

.39*7  RESIDUAL 

4. 

•M! 

V4Hl  <Vk> 

171*= 

ADO  R  SQUARE 

.8111  COEFF  OF  VARIABILITY 

7.9PC' 

172*-- 

173*= 

VARIABLE 

E  S.E.  B 

F 

SIS. 

BE‘A  E-ASTIOITT 

174*= 

175*= 

PROTO 

.592  .141 

13.5*2 

.121 

.43139  .11143 

174*= 

T0CNNA1 

.995  .343 

7.5*3 

.*52 

.498*4  2.17981 

177*= 

N2UI* 

.950  1.302 

.511 

.514 

.125*1  .4*073 

178*= 

ctmsTAtr 

■9.574  4. *54 

5.577 

.176 

179*= 

18**= 

181»*  f -LEVEL  OR  TOLERANCE-LEVEL  INSUFFICIENT  FOR  FURTHER  COMPUTATION. 
182*= 

183*= 

184*= 

185*=  COEFFICIENTS  AND  CONFIDENCE  INTERVALS. 

184*= 


187*=  VARIABLE 
188*= 

8 

95  PCT 

Cili 

189*=  PROTO 

.5919 

.1447 

1.1391 

19H>  T0CW9AX 

.9951 

-.*135 

2. *(38 

191*=  N2ULT 

.9523 

-2.7449 

4.4494 

1921=  CONSTANT 

-9.5734 

-2*. 8293 

1.482* 

193*= 

194*. 

195*=  VARIANCE/COVARIANCE  NATRII  OF  THE  UNMRML12EB  RECRESS  I  ON  COEFFICIENTS. 

194*= 

197«* 

198*=  N2ULT  1.77323 

199*=  TOCWAI  -.15884  .13199 

2(<t=  PROTO  .*<487  -.(142*  .12595 

2(1*= 

2*21=  NIULT  TOGNNAI  PROTO 

2*3t> 
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;i*»= 

:»n=::v.-; 

2f*A= 

A.  RECRESS'.B* 

•WIT  ’52  11.25.  ST. 

»*OE 

2ITI=  F-..E 

•  RORARE  : CREATE:  -  #1/15/82. 

:«»= 

2#9#=  uuummiiTint  r  e  ;  s  i  s  s : c * 
ilH: 

£::#=  hep.  far...  aoc  other  bisect  costs 

:i2#= 

2131= 

21*1=  SUPPORT  'AkE. 

215#= 


1 

21*t> 

217#= 

STEF  VARIABLE  E/R 

F  hult-r  r-sb  CHARGE 

3  OVERALL  p 

s;c. 

213#= 

1  PROTO  E 

9.321  .781  .516  ,6#8  , 

,75#  9.32. 

.*21 

219#= 

2  TOCHRAt  E 

H.9S7  ,937  .878  .259  , 

.716  17.9.1 

.1(5 

ft 

22##* 

3  NZULT  £ 

.511  .9**  .891  .#1*  . 

332  11.9*5 

.11: 

2211=: 

.INITIAL  REBRESSIOR 

11/15) 

’32  11. 15. 57. 

P*S! 

::ci= 

2231=  "..E  -  NCRARE  (CREATES  -  #1/15/82) 
::*#= 


225#= 

215#= 

227|s 

««<!•* 

*  »  ♦  • 

U  L  7  :  P  w  E  R  E  C  R  E  5  5  1 

228#= 

229#= 

RES’.BUAL  PLOT. 

131#= 

2311= 

T  VALLE 

r  E5T. 

’ESCBUAL  -2SB  1.1 

232#= 

*.5*7 

*.59* 

.253  1 

233#= 

2.931 

5.##* 

-.176 

23*#= 

5.371 

5.213 

.16?  : 

235#= 

*.551 

**]• 

-.64#  . 

2351* 

5.311 

*  1«H 

.1*9 

2371= 

5.165 

5.17? 

-.#13 

2381= 

5.312 

5.1*8 

.16* 

239#= 

:»##= 

5.9#: 

5.456 

.#35 

2411*  HOI  -  :•)  UIBICATES  ESTTIW"  CAt.ClK.ATEB  .:TH  HEWS  SvBSTvTEB 

2*21=  R  IWTCATES  'C1HT  DU*  OP  RAtiCE  V  PLOT 

2*3i» 


2**#= 

2*11=  RURKS  OF  CASES  PLO^EB  8. 

2**1=  RIMER  if  2  S.S.  OUTLIERS  •  OR  f  PERCEIT  OF  THE  'CTA„ 

" 

2*0#=  FOR  REDRAW  RATIO  C.I815T  BURB’.R-WrSOA  TES*  2.19*35 

2*9#« 

25H*  WRIER  OF  ’OS'.’IVE  RESlC'JAtS  5. 

2111=  RIMER  OF  «ECA*1VE  AESIBVALS  2. 

2121=  RIMER  OP  RURS  CP  SICAS  7. 

»» 

25*#=  AORRAL  APRtOIlRA’lOR  TO  SI BA  BlSTRItOT.OR  lARCSSHLE. 

253#*  USE  *  T**LE  FOR  EIPECTEB  VALUES. 

»  23*#»::r:TT*L  REBRESSIOR  #t'15/#2  H.2J.57.  P«CE 

9  257#= 

25*#>  FILE  ■  MARE  I  CREATES  -  #1/15/12) 

»  2SR#= 

2*##=  imitm  R  U  L  T  [  f  ,  £  A  E  C  >  E  i  S  3  C  R  •  •  I  •  t  •  I 
2*1#* 

2*2#=  BE*.  VAR...  AAMAT  RRRUPAC' JR1RC  RATERIAlS 
2*3#= 

2**#=  REAR  KSRQME  *.22A#7  STB.  BEV.  .49991 
2*5#= 

2**#=  VAR’.ABLEISl  ER*E)Et  OR  STEP  1 
2*T#=  'OCRRA1  RA11RUR  ’ARESPF  CRASS  COW* 

:u#i 

2**#=  RATTPJ  R  ,*•**  MORR  BF  SDR  WARES  HEAR  SB.  F 


141 


il »M 

K 

•  V'.A*. 

Kt  writs  MU* 

V.  .A,* 

17 11= 

STB  DEV 

■  44VV 

RESIDUAL 

4. 

.315 

.85, 

.it# 

373#* 

ADO  R  SQUARE 

.8944 

COEFF  OF  VAA 

13ABILCT- 

5.3FC 

r 

373#= 

3741= 

VARIABLE 

8 

S.E.  t 

F 

*  *  r 

8IV1 

BETA  E. 

.ASTICI’Y 

375#= 

3741= 

'OCNNM 

’..49# 

.19# 

41.557 

.### 

.95*54 

3.79853 

377#= 

CONST AN* 

It. 833 

3.  #49 

33 . 36t 

.Ill 

278#* 

3791= 

38##= 

3811= 

4  4  4 

4  4  *  4  < 

1  4  4  4  4  4 

4  4  #  4  4 

3831* 

3834= 

VAR1ABLE1S)  EN’ERED 

ON  STEP  3 

384#= 

NZUL’  UL 

TTNA’E 

-CAD  FACTOR 

383#= 

3841= 

NUL’IPLE  R 

.977# 

ANCVA 

DF  SUN  SQUARES 

5EAN  SO. 

r 

3871= 

R  SQUARE 

.9845 

REDRESS  ION 

L. 

3.374 

1.437 

53.583 

3881= 

STB  DEV 

.1744 

RESIDUAL 

C 

v» 

.154 

.#:; 

.mi- 

389#= 

ADC  R  SQUARE 

.9344 

COEFF  OF  VARI ABILITY 

4.3PC- 

39#«= 

39:8= 

VARIABLE 

S 

S.E.  B 

F 

SIC. 

EE'A  E. 

393#= 

393#= 

T3MNAI 

1.375 

.'.58 

75.953 

.Ill 

.es:;i 

I. 58433 

39*#= 

N2ULT 

.4#: 

4.77# 

.#81 

.32#:: 

.73817 

;«*= 

CONSTANT 

-.3.177 

-..814 

54.841 

,8i: 

344#=; 

81  ;5/83 

:l,2T  !' 

'.  PACE 

:ni= 

>ei=  file  -  nonane  icrea’ED  ■  #t/i5/82) 

399#= 

;HI-  n  i  ii  m  i  r;  .  !  :  u  i  RECRESSION«»i*‘*«** 

3W« 

3#3#=  CEP.  VAR...  rftnni-  RAKUFJCTURINC  «A*ER'.4lS 
;«3#-- 

3#*|--  VARIABLES)  EN’ERED  oh  step  3 

3151=  PRO’S  NUNBER  3F  PROTOTYPE  AIRCRAFT 

3#4#= 


3171=  NUL’-.PLE  R 

.983#  ANCVA 

DF  SUN  SQUARES 

REAR  SC.  p 

3181=  R  iC.ARE 

.9663  RECRESS  ION 

3. 

3.31* 

1.185  33.37! 

3#9#«  S’D  DEV 

31M=  ADC  R  SQUARE 

.1199  RESIDUAL  *. 

.9411  COEFF  OF  VARIABIwI’T 

.115 

*.#PC 

.129  SIC.  .113 

312#=  VAR  E  ABLE 

B  S.E.  B 

c 

SIC. 

de’a  l.as*:::*y 

3138= 

31*1=  TOCNNAI 

1 1  vkc  » 4*0 

71.157 

.Ill 

.8479*  3.37433 

31!#=  NZ'ULT 

1.336  .579 

5.321 

.183 

.3345#  .7*835 

3 -.11=  PROTO 

.#83  .171 

1.481 

.312 

.-.'.3:3  .85171 

3171=  CONS’**'  - 
318#= 

3198= 

33M< 

331#=  n.im 
332#* 

13.385  1.743 

V.M 

44444 

.#•2 

333#*  VAR '.ABLE  IS)  ENTERED  ON  STEP  * 
334#*  TUTAREA  TOTAL  VETTED  AREA 

325#* 

326#*  IWLTIPLE  R 

.98*4  ANOVA 

DF  sun  SQUARES 

NEAR  SO.  F 

327«>  R  SQUARE 

.9495  RECRESS  1  ON 

1. 

3.335 

.831  33.81# 

328#*  STD  DEV 

.1848  RESIDUAL 

3. 

.115 

.#35  SIC.  .#13 

329#*  ADC  R  SQUARE 

.9387  COEFF  Of  VARIABILITY 

4.4PC7 

33##= 

3311*  VARIABLE 

1  S.E.  B 

F 

SIC. 

BETA  ELAS’ICIT* 

333#* 

333«*  TOCWAI 

1.345  .189 

51.969 

.(#6 

.8T444  3. *8*57 

33*#»  N2UL7 

1.333  .437 

4.311 

.139 

.33338  .73385 

335#*  PROTO 

.#76  .178 

.959 

.41# 

.1*434  ,#*671 

so(*=  thtarea  .Hi  .in  .Sr  .bis  .m:;8  .nn> 

3371*  C0RS7MIT  -!(.(((  3.(32  18.7(7  .123 

338*=1IRIT!AL  REGRESSION  «l/;?.'52  ;j.25.37.  FACE 

3371s 

’(••=  P3.E  -  NONAHE  (CREA’ED  -  *1/13/821 
3(11= 

3(2IS  m*mu«ui  IKE  REGRESS'.  Jliminu 
3(3*= 

3((|=  3Ef.  VAR...  RAARAT  HAALIFACTIIRIAC  RATERIALS 
3(51= 

3*4*=  VARIABLE (SI  ENTERED  OR  STEP  5 
3(7*=  RAXRACR  RAXIRUR  RACH  NUHBER 
3(8*= 

I  3((*=  HULT'.PLI  3  .(8(1  ANOVA  DF  SUP  SJUARE3  REAR  88.  f 

35*«=  R  S3UARE  .(723  RECRESStOR  3.  3.333  .((7  K.M3 

331*=  STB  DEV  .217(  RESIDUAL  2.  .K3  .*‘7  MO.  .268 

|  352*=  ADJ  R  lit ARE  .(*31  C3EFF  OF  VARIABIlI*"  3.2«It 

333»* 


33(»= 

353*= 

variable 

E 

S.E.  B 

F 

SIC. 

BETA 

elas*::;- 

356*= 

TOCWAJ 

1.(81 

.336 

K.3A1 

.*(8 

.((836 

2,7738* 

337*= 

(ILL* 

1.(37 

.8** 

1.318 

.21* 

.2(157 

.8281! 

358*= 

PROTO 

.*7( 

.tc 

.  66( 

.311 

.1*131 

.*(*(! 

35(*= 

TiTAREA 

.21* 

.3  (( 

.377 

.b*2 

.*85)1 

.3)123 

3  (**= 
3(1*= 
3(2t= 

PAI»ALH 

SONS'AN* 

-.168 

-16.3(1 

.371 

3.85* 

.2(3 

3.337 

.((5 

.1*2 

-.»((. 3 

•.1238* 

3(3*= 

;((*=  all  variables  are  :«  the  eouaticr. 
3(3*» 

';((»= 

3(7*= 

3(s*=  :oepf;i:ev*s  and  confidence  '.a'ervm 

3((t= 


37**=  VARIABLE 
371*= 

B 

(3  PCT 

C.2. 

3721=  -OCWA1 

l.(7(( 

.*32* 

2.(277 

373*=  RILL' 

1.(549 

- ;,(«(( 

(.8(8* 

37*»=  PROTO 

.*7(2 

-,3;73 

.((38 

373*=  TH7AREA 

.21(3 

-1.28(1 

1.7.81 

374*=  RNXHNCH 

-.1(78 

-1.7(22 

1.12(5 

377*.  CORSTART 

-16.3904 

-»2.***2 

8.27(* 

378*= 

371*= 

38H=  VARIAKE/COVARIARCE  R»*RII  OF  THE  UNNORRNLIZED  REGRESSION  COEFFICIENTS. 
3*1(> 

382** 


3*3*=  R2ULT 

.(3(73 

3R**«  RAITACH 

-.1*(3( 

.1373* 

3*3*=  THTAAEA 

.(3138 

-.(3*3* 

.12212 

33(4--  T0CWA1 

.(2331 

-.*((*8 

.*(273 

.11323 

317*=  PROTO 
3*t*= 

.**.*( 

.**177 

-.MSI* 

-,H747 

.*182) 

3K*= 

MULT 

RA1RRCH 

TUT  AREA 

TOWAAI 

PROTO 

3***» 

t  3V.I- 

3tt»«lUIUNL  REGRESSION  *1/13/82  1».23.37.  PACE  1* 

3*3*= 

3(»*«  FILE  -  RORARE  I CREATE!  -  *1/13/12) 

3D*. 

3»(*=  m  «*  m  m  U  T  K  E  R  E  C  R  E  S  S  t  0  R  «««•♦«•«  . 
M7»> 

31W>  tEP.  VAR...  RARRA*  RARUFACT JR1RC  RATERWH.S 
W*= 

•***■ 

(*'.*>  SWART  7AM.E. 


143 


‘»lI= 


*030= 

*0*0= 

S"P  VARIABLE  E/R 

F  RUL'-R  r-ss  1 

:  RANGE 

OVERA.u  * 

SIG. 

*050* 

I  T0GWA1 

E 

41.33' 

.933  .911 

.911  .933 

41.337 

.010 

*040= 

2  NIULT 

E 

4.770 

.977  .933 

.0*3 

.31* 

31.303 

.100 

*070= 

3  PROTO 

E 

1.401 

.903  .944 

.012  .34' 

38.273 

.001 

*080= 

*  TtfAREA 

E 

.307 

.983  .949 

.003  -.29* 

23.410 

.013 

*090= 

5  R4IPACH 

E 

.203 

.984  .971 

.003 

.732 

!*.•*: 

.043 

oim*unit:al  regression  it a:/«£  11.23.3;. 

♦n»* 

4IZM  FILE  -  NONANE  (CREATED  -  01/13/821 
4130* 

4141*  I  i  n  I  u  i  t  II  JL  ’  I  U  E  (  E  !U5  5  !  I  ("  1 
|  *131* 

’  *140* 

*171*  RESIDUAL  5lO’. 


*180= 

*190= 

1  VALUE 

1  EST. 

residual  -is:  e.o 

*200= 

*210= 

*.231 

*.234 

.01* 

*220= 

3.008 

2.997 

.011 

, 

*230= 

*.301 

*.759 

.0*1 

*2*0= 

4.442 

*.303 

.140 

*250= 

*.248 

♦  .322 

-.23* 

*240= 

3.837 

3.S19 

.017 

*270= 

3.731 

3.743 

■  .033 

*281= 

3.2*4 

5.22* 

.022 

*291= 

*311=  NO'E  •  1*1  INDICATES  EETIIRTe  CALCULATED  KIT*  NEWS  SUBSTITUTED 
43ii=  « ;»::»ns  point  our  of  range  of  »a* 

*320= 

‘.31= 

*3*1=  kURBER  OF  CASES  PLOTTED  S. 

*330=  NURBER  OF  2  $.0.  OUV.ERS  I  OB  0  PERCENT  ;F  THE  TGTAt 

*■01= 

*170*  VON  NtuNANN  RATIO  3. 33*00  DURBIN-NAnON  TEST  0.0333* 

*380* 

*390=  NURBER  OF  POSITIVE  RESIDUALS  4. 

<*M=  NURBER  OF  NEGATIVE  RESIDUALS  7. 

*410*  NURBER  OF  RUNS  OF  SIGNS  5. 

**zo= 

**30*  NORRAL  AFPR0IIRATI3N  TO  SIGN  DISTRIBUTION  INPOSSIBLE. 

**»#=  USE  A  'ABLE  FIR  EXPECTED  VALUES. 

4*30* I INITIAL  REGRESSION  01/13/81  II.23.S7.  PACE 

**40= 

**70*  FILE  •  NONANE  (CREATED  •  01/13/82) 

**80= 

**90=  i  n  m  i  i  i  «  ijl  *  I  ?  L  I  REGRESS  1C «•«««*»» 
*300= 

*310=  DEP.  V»R...  RANF  RANUFACTURINC  HOURS 
*320* 

*330*  REAN  RESPONSE  3.03231  STD.  DEV.  .4*337 

,  *3*0* 

1  4330*  VARIABLEISI  ENTERED  ON  STEP  t 

*340*  T0GWA1  RAIIRUR  TAKEOFF  (ROSS  HEIGHT 
.  *370* 


♦380*  RULT1PLE  R 

.0923  ANOVA 

DF  SUN  SQUARES 

REAN  SB.  F 

*590*  R  SQUARE 

.7944  REGRESSION 

1.  2.300 

2.308  23.*93 

*400*  STB  BEV 

.313*  RESIDUAL 

4.  .389 

.098  SIG.  .003 

•410*  Atv  R  SQUARE 

.7427  CDEFF  0?  VARIABILITY  S.1PCT 

*420* 

*430*  VARIABLE 

0  S.E.  t 

F  SID. 

KTA  ELASTICITt 

*4*0* 

4430*  TOCHMI 

1.200  .24* 

23. *93  .M3 

.09230  3.38272 

*441*  CONSTANT 

-9.9*9  2.030 

12.190  .013 

*470* 
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Hal* 

*694* 

*744* . . 

*714= 

*72»»  VARIABuEfS)  ERTERED  oil  S'EP  2 
‘731*  «HL*  ULT1RA7E  LOU  FACTOR 
4741* 


*754*  RtlLTIPLE  R 

.9333  AMVA 

OF  SUR  SQUARES 

"EAR  SQ. 

f 

*744*  R  SQUARE 

.8748  REGRESS I OR 

2. 

2.33! 

1.247 

17.441 

*774*  570  DEV 

.2494  RESIDUAL 

5. 

.343 

.473 

SIG.  .444 

*784*  AO..  R  SQUARE 

.0247  COEFF  OF  VAR1A0ILITT 

7.4PCT 

4794* 

*844*  VARIABLE 
|  *814* 

*824*  TOCURAX 

8  S.E.  8 

F 

SIG. 

BETA  Ei 

.ASTICS’T 

1.139  .2*1 

22.379 

.445 

.7938* 

:,184«.: 

*834*  CULT 

1.422  .918 

5.123 

.137 

.29417 

.9372! 

*  *8*4=  CORSTAR'  - 

4fc*Ll*  4.  ,7  b7 

19.124 

.447 

*834=1!R:TIAL  REGRESSION 

41/19/62 

14.25.1- 

-.  ;AGE 

*344* 

‘871*  PILE  -  NORARE  I CREATED  -  11/13/8:; 

‘331* 

•811=  n  u  I  u  •  I  H  1  7  1  U  E  R  E  I  R  S  5  S  1  :  A  »  «  *  «  *  •  * 
>911* 

‘911*  BE*.  .Ml...  "ARP  RARUFACTURIRG  *OURS 
‘921* 

‘931*  VARIABLE 131  ENTERED  31  STEP  3 
*941=  TUTAREF  TOTAL  .”*£0  AREA 
4911= 

*941=  “iiLTlflE  R  .9383  AROVA  07  SUM  SCARES  REM  50.  : 

‘971=  R  SQUARE  .8844  REGRESSION  3.  2.111  .851  9,8;.. 

‘981=  5TC  DEV  .29*3  RESIDUAL  *.  .3*4  .18’  ilG,  .(24 

‘994*  AOa  R  SQUARE  .7*47  COEFF  07  VARIABLE  7.6PD* 

1444= 


5414* 

1424= 

VARIABLE 

8 

S.E.  t 

F 

SIS. 

BETA 

UAS'IS'.TT 

5434= 

TOGMRAl 

1.18* 

.283 

17.448 

.41< 

.82582 

3.21*46 

14*4* 

RIUL- 

1.448 

1.443 

2.571 

.184 

.29414 

.974i8 

5414= 

1444* 

5474* 

TRTAREA 

CORS'AR’ 

.187 
•14. '.34 

.434 

1.32* 

.139  .467 
7.443  .457 

.48.32 

.37261 

1484= 

5494= 

11M=  HintmtiMiHtUMHUHiHHin 

3114* 

5124=  VARIABLE:?!  ENTERED  OR  STEF  * 

9134=  PMTO  RUHBER  OF  PROTOTTPE  (AIRCRAFT 
11*4* 

5114*  MJLTIP^  R  .9394  AWVA  DF  SLR  SQUARES  *EAA  SQ.  F 

5144*  R  SQUARE  .8817  REGRESS  I  OR  *.  2.513  .43*  1.19: 

1174*  STB  DEV  .3384  RESIDUAL  3.  .3*3  .11*  SIG.  .49* 

5IS4*  ABJ  R  SQURRE  .72*4  COEFF  OF  VARIAIILI’t  8.8PCT 
5191= 


k  5244*  VARIABLE 

p  5214* 

D 

S.E.  1 

F 

SIC. 

BETA 

Elast;;::? 

5224*  TOGURAI 

1.143 

.342 

11.372 

.442 

.81227 

3.26461 

.  5234*  R2ULT 

1.616 

1.153 

1.944 

.ns 

.29317 

.95392 

5244*  TUT AREA 

.173 

.499 

.124 

.732 

.47129 

.34192 

5234*  PHOTO 

.424 

.14. 

.433 

.147 

.43414 

.41727 

5244*  COMSTANT 

•13.898 

6.243 

4.933 

.112 

i:7»»r.*ni*L  «t«ssiw  imsdt  w.a.n.  mge  .* 

5284* 

3294*  FILE  ■  HOMME  (CREATED  •  11/13/12) 

5344* 

3314*  umiiiiMUIIPLE  R  E  G  R  E  5  S  1  0  R  «  »  *  «  •  •  ♦  •  * 
1321* 

1334*  KP.  VAR...  RAM  MMUFACTURIRC  HOURS 
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W*l* 


535#=  VARIABLE'S)  ENTERED  3*  STEP  5 

534#=  RA1RACH 
537#= 

RAl'.HUR  RACH  XURBER 

538#=  WLT’RLE  R 

.9394  ANQVA 

DF  SUP  SQUARES 

PEAK  Si. 

F 

539#=  R  SQUARE 

.8820  REGRESSION 

5.  2.558 

.512 

3.813 

54##=  STD  DEV 

.412#  RESIDUAL 

2.  .341 

.171 

SIS.  .248 

541#=  ADJ  R  SQUARE  .5898  COET  OF  VARIAIUTT  U.7PCT 

542#= 

543#=  VARIABLE 

B  S.E.  B 

F  SIC. 

BETA  ELASTIC”" 

544#= 

5451=  TOCWAI 

1.231  .434 

3.739  .193 

.35779 

3.44333 

544#*  RIULT 

1.492  1.512 

1.252  .379 

,31947 

'..#3#:j 

547#*  T8TASEA 

.218  .441 

.199  .783 

,#9#5C 

.4:55# 

548#*  PROTO 

.#24  .172 

.#:>  .9## 

.13435 

.#14*5 

549#*  AAIAACH 

-.#95  .71! 

.118  .9#4 

-  .15814 

-.#1463 

55##=  CONSTANT 

-1*. 389  11. #4# 

1.8'7  .318 

55:#= 

55:1= 

553*=  ALL  VARIABLES  ARE  !H  THE  EQUATION. 
554#= 

5551s 

5541= 

5571=  CIEFFICIEN'S  AND  CONFIDENCE  INTERVALS. 
558#= 


559#=  VARIABLE 
54H* 

B 

95  POT 

*  f 

.  »  i  • 

541#=  TCCHRAX 

1.2313 

-4.5*7: 

3.7477 

542#=  NZ'JLT 

1.4922 

-4.8145 

8.1789 

5431=  *HTAREA 

.2177 

-2.4351 

3.#5#5 

544#=  PRO'O 

.#245 

-.714# 

.7451 

545#=  HA1RACH 

-.#953 

-3. 1197 

2.9191 

5441=  CORS'AliT 

-14.9894 

-42.5747 

32.5988 

5471= 

5481= 

5491=  VAAIARCE/COVARtAKE  fKXX  If  THE  LRRORWLIIE  REGRESSION  CCE'?"IE'i7S, 
571#= 

57:*= 


572#= 

573#= 

RIULT 

"AWACH 

2.23484 

-.39154 

.49#3! 

574#= 

TUT  AREA 

.11289 

-.1798# 

.‘3453 

575#= 

TOCRRAl 

.#8-331 

-.33431 

.11413  .4#474 

5741= 

PROTO 

.##391 

.#(433 

-.11822  -.#2449 

577#= 

578#= 

RIULT 

HA1RACH 

THTAREA  T0DRRR8 

579#= 

58##= 

58I#«;IKTI«L  REGRESSION  IT/ 15/51  11.25.57,  FACE  II 

5821= 

583#=  FILE  -  HARARE  (CREATED  •  11/15/821 

584#= 

5851=  iimmiuRULTIFLE  REDRESS  I  0  A  »»♦♦•••«  ♦ 
V  5344= 

9  587#=  HEP.  VAR,..  RARE  IWHUFACTltRIKC  HOURS 

5888= 

589** 

57##=  SMART  TRUE. 

S9t#> 


592#=  STEP  VARIABLE  E/R 
5931* 

F  NJLT-R  R-SQ  CHARCE  R 

OVERAL.  F 

SID. 

594#* 

l 

TOCRRAl 

E 

13.493 

.893 

.797  .797  .893 

23.493 

.M3 

5951* 

R 

L 

RIULT 

E 

3.113 

.935 

.175  .#73  .541 

17.445 

■  M4 

574#* 

3 

TRTAREA 

£ 

.1*9 

.931 

.Ml  .Ml  -.145 

9.814 

.124 

597#* 

4 

PROTO 

E 

.133 

.939 

.882  .Ml  .183 

5.591 

.194 

598#* 

5 

RRIRRCH 

E 

.#18 

.94# 

.M3  .Ml  .734 

3.113 

.248 

399»=::»:tial  regression  #i/i:/8i  it. 21.57.  race  u 
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tm- 

6i:s-  file  -  kohane  r.TO  ■  «/:;/«) 

ti;»= 

4131-  HMHiit  H  I)  L  t  I  P  L  E  RECRESS10 

4#4#= 
ilSI' 

4#U'  RESIDUAL  PLOT. 

417*' 

418#=  T  VALUE 
4M< 

41##=  4.141 

4111=  £.313 

4121=  4.4.: 

I  4131=  4.247 

414=  '.413 

4131=  3.324 

k  4141=  3.334 

4171=  4,745 

4131= 

4141=  NOTE  -  (*)  INDICATES  ESTIMATE  CALC. -ATEC  ctm  *;##$  SUBSTITUTE 

42H=  A  INDICATES  POINT  31)7  V  RANGE  If  P'JT 

4211= 

4221= 

4231=  NUNBES  OF  CASES  PLOTTED  8. 

424#=  RUBBER  OF  2  S.O.  OUTLIERS  I  OR  I  “ERCENT  OF  -E  T'*AL 

4231= 

4241=  V0t(  NEUBANN  RATIO  3.11347  DURBIN-WTSO*  7E5'  2.42444 

4271= 

4281=  '.UMBER  OF  POS’.’IVE  RESIDUALS  4. 

424#=  NU»BE-  OF  RECEIVE  RESIDUALS  2. 

43H=  RUN2ER  OF  RUMS,  OF  SIGNS  3. 

431#= 

432#=  NCRRAL  APPR01IBAT1ON  *0  SIGN  DISTRIBUTOR  '-"‘’OSSIkE. 

433#=  USE  A  TABLE  FOR  EJECTED  VALLES. 

434#= 1 initial  REGRESSION  #1/13/82  11.25.37,  PAOE  17 

433#= 

434#=  f;.E  -  NCNAME  '.CREATED  -  #1/13/52) 

437#= 

438#=  hiumiUDIIIPLE  ?  £  U  E  S  S  I  3  »  n  *  m  i  i  i  i 
434#= 

44##=  DEP.  VAR...  ’SOL  TOOLING 
441#= 

442#=  REAR  RESPONSE  1.38223  STD.  DEV.  .3673! 

443#= 

4*4#=  VARIABLE!!)  ENTERED  ON  STEP  1 

4*3#=  4ROT0  RUBBER  OF  PROTO’!”  AIRCRAFT 

4*41= 

447#=  RUl’IPLE  R  .7414  ANOVA  DF  SUM  SQUARES  BEAR  50.  F 

4‘8#=  R  SQUARE  .4243  REGRESSION  I.  1.512  1.312  '.#.#34 

444#=  STD  DEV  .3878  RESIDUAL  4.  .4#2  .15#  510.  .#:» 

43*t>  ADU  R  SQUARE  .344#  COEFF  OF  VRRIAIIL1T1  24.3PCT 

«!#• 


) 

4321=  VARIABLE 
433#= 

1 

S.E.  B 

F 

510. 

beta  elastic:^ 

434#=  PROTO 

.484 

.153 

11.134 

.114 

.7414#  .74578 

% 

433#=  CONSTANT 

.323 

.42# 

.342 

.471 

4341= 

437#= 

43M> 

434#=  Mnmmmtn 

44##= 

44lt<  VARIABLE (S)  ENTERED  ON  STEP  2 


442#=  BIULT  1R.TIRATE  LORD  FACTOR 

443*= 

444#=  BULT1PU  R  .8834  ANOVA  DF  SUB  SQUARES  "EAR  SQ.  F 

443#=  R  SQUARE  .784#  REGRESSION  2.  1. 843  .417  4. #72 


f  EST. 

RESIDUAL  -2SD 

f.l 

3.443 

.(48 

I 

2.748 

.1(3 

4  • 

4.283 

.124 

\ 

4.11! 

.182 

1 

4.124 

-.321 

* 

3.451 

.171 

4 

3.343 

-.#27 

,1 

4.48! 

.(4# 

’ 
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M«#« 

4*78= 


111 tV  .  iw«  ItS.lMHt  A. 

*Dj  R  ;.BUAR£  ,4ffl  COEf'  Of  VARIAI1L177 


•  3i.t 

a.t»c7 


**9*=  VARIABLE  t  S.E.  B 
478*= 

*718=  WO*:  .471  ,12t 

47»*«UL*  1.98*  1.1*1 

173*=  .0ASTA*T  -4.C94  2.4*1 

*7*#=:;r;tial  recressior 
*70*= 

*7**--  KS  ■  ROAABE  (CREATED  •  *1/10/81! 


bet*  el*'/;::" 


13.0*8  .*14 
3.4*9  .114 
3.W1  .134 

*1/10/?:  n.a.o-7 


.7*004  .7*953 

,3479*  1.94413 


FACE  18 


*77* = 

*78*=  muimiMvIUPlE  R  E  C  R  E  3  S  1  3 

*74*= 


*88*=  BEP.  VAR... 
*81*= 

T30L  T30L1RC 

*32*=  VARIABLES)  ENTERED  OR  STE»  3 

*83*=  TOCRBAl 

*34*= 

MUNI*  ’AKE3FF  OROSS 

RE1 38* 

*804=  BUL/RLE  R 

.9*70  AHOVA 

DF  SUB  SBUARE? 

NEW  sfl,  ■ 

*8*8=  R  SBUARE 

.8230  REGRESSION 

3. 

:.989 

.**:  *.::: 

*871=  STB  DEV 

.3240  RESIDUAL 

4. 

.*2* 

.;r  sic.  .80! 

*?8»=  ADu  R  SBUARE  .*911  COEFF  OF  VARIABILITY 

18. i': 

7 

*841= 

*9*1=  VAR I  AIL- 

8  S.E.  8 

r 

SIC. 

be*a  e.as*:::tt 

*91*= 

*92*=  PROTO 

.430  .130 

11.408 

.832 

.78828  .Tin: 

*93*=  R2ULT 

1.4M  1.113 

1.17* 

•  U4* 

.328*0  ;.*:;74 

*94*=  70CWHAI 

.287  ,3*4 

.890 

.396 

.2193*  90723 

*90*=  CCRSTART 
*9*8= 

*971= 

-*.*89  3,387 

3.  *78 

.128 

*98»= 

*99*=  <«<«•< 

(  M  «  i  4  (  1  t  4 

4  4  4  4 

4  4  4  4  4 

44444*4444 

7»*«= 

7*1*=  VARIABLE!*! 

EK'ERED  OR  STEP  4 

7*2*=  TyTAREA 
713*= 

TO’AL  RETTED  AREA 

7»**=  BULTt'LE  R 

.911*  ANOVA 

DF  3U*  SBUARE? 

BEAR  SB.  F 

710*=  R  SBUARE 

,8236  REGRESSION 

4. 

2.881 

.588  3. *38 

714*=  STB  DEV 

.3713  RESIDUAL 

3. 

.414 

.138  SIC.  .159 

7*7*=  ADO  R  SBUARE  ,4**4  COEFF  CF  VAAIABLITT 

;T 

7*8»= 

7(9(=  VARIABLE 

71**= 

8  S.E.  8 

F 

SIC. 

beta  Elastic// 

7111=  PROTO 

.*28  .100 

7.430 

.878 

.49*00  .78841 

7121=  R2ULT 

l.*17  1.2** 

1.401 

.239 

.32589  2.41131 

713*=  T0CRBA1 

.333  .37* 

.782 

,4*2 

.25483  2.2*788 

7141=  TBTRREA 

.1*7  .0*9 

.892 

.761 

.879*3  .81318 

710*=  COAST#*’ 

•8.110  4.848 

1.43* 

.317 

714*=ur;tial  regress:* 

81/10/82  it.20.07.  FACE 

717*= 

71*1=  FILE  •  RORABE  (CREATED  -  11/10/81) 

714*= 

72M>  (HHiiitHlTlUE  RECRESS  10R*  =  ***** 
711*= 

711*=  HEP.  V*R...  TOOL  TOOL IRC 
713*= 

714*=  VARIANKS)  ENTERED  0*  STEP  0 
’hi*  mimcH  raurw  bach  rubber 
71  **» 

717*=  BIJLTIPLE  »  .411*  MOVA  DF  SOB  S0U4RES  HEW  SB.  F 

728*=  R  SBUARE  .8311  RECRESStCW  0.  2.H7  .4*1  1.9*8 

724*=  S’B  DEV  .4018  RESIDUAL  2.  .4*6  .2*4  SIC.  .37* 

73*«=  ADO  R  SBUARE  .4*87  C0EFF  OF  VARIA8IL1TT  28.0PC 


7318= 
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ns#= 


.ARUkE 

8 

S.E.  t 

f 

Sit. 

BE.  A 

EwAi'll.'’ 

.*24 

.159 

5.114 

<  t? 

.  *  Vi 

.69388 

*2LLt 

1.728 

1.658 

1  .#87 

.ah 

.3*421 

2.561.7 

:oc«RAr 

.42# 

.697 

.342 

.6(8 

.3214# 

1.86162 

'AT  AREA 

.213 

.72* 

.#87 

.794 

.11185 

1.14114 

"AlPACi. 

-.127 

.74? 

.127 

,88* 

-.18494 

- ,A*8;7 

sorstart 

-9.471 

12. 123 

.434 

.!•? 

74##* 

7*11= 

7*:»=  »■_.  .afiables  are  :m  the  eouatior. 

7«3#= 

744#= 

7*51= 

7*68=  COEFf.ClEirS  MO  CCRFtDERCE  U'ERVALS. 
7*71= 


74?#=  VARIABLE 
74?#-- 

B 

95  PCT 

73##=  =RC'0 

.*263 

-.385* 

1.2379 

751#=  Wl/LT 

1.7282 

-5. *137 

8.8611 

752#=  T50*AJ 

.*195 

-2.5816 

3. *212 

7531=  '.'AREA 

.213* 

■2. 9126 

3.3293 

75*1=  RAWACH 

-.1271 

-3. *311 

3.1769 

7551=  CARS TART 

-9.4714 

-61.83*2 

<2. *5?# 

754#* 

7571= 

750#=  VAR’.avcE/CCVAR'.ARCE  "ATRIX  0?  T«E  UMORRALIZEJ  RESRESiiOR  :3Er- l"-?*?. 
7571= 

76##= 


.*842  7 

-.#32#4  .13558 

TDSMAAB  FROTO 

•1/13/5:  37. 


7611=  MULT 

2.717*1 

762#=  RAIAACH 

-  .*7#*2 

.58944 

7631=  '1T AREA 

.13562 

-.2:61: 

.52*** 

74»#=  '30WIAJ 

.  :##I9 

-.*#*»* 

.26939 

765#=  FRO* 3 

.1**69 

.1176# 

-.82189 

766#= 

7671= 

•KELT 

•AI5ACH 

TliTASE* 

74?#= 

76?#= 

mt-VX.’\K  RE0RE5S10R 
77  H= 

772#=  FkE  -  MWAKE  ICREA'ED  -  #1713/821 
773#= 

. . nil 

775#= 

774#=  PEP.  VAR...  TOO! 

777#= 

778#= 

77?#=  SMART  TAILS. 

78##= 

7*1#*  STEP  VARIABLE  E7R 
782#= 


V  L  T  ;  P  L  E  R  E  S  R  E  v  S  :  0  *  «  «  <  «  #  *  »  •  * 
TOOlIRO 

F  WJL'-R  «-;«  CHANCE  R  OVERALL  F  SIC. 


783#= 

1 

PROTO 

E 

11. #54 

,791 

.626 

.626 

.791 

11.856 

.818 

78*#= 

2 

17’JIT 

E 

3.6(9 

.885 

.78* 

.158 

.4*8 

9.#TL 

.(22 

7858= 

3 

TQ0WM1 

E 

.895 

.987 

.823 

.#*1  .528 

6.22# 

.155 

784#= 

* 

TUT AREA 

E 

.892 

.911 

.829 

.##5  -.133 

3.63# 

.159 

7878= 

5 

RMPACH 

E 

.127 

.912 

.831 

.#»: 

.*4# 

1,968 

.378 

788#=HR:riAL  recressim 

11/15/82 

11.25.57. 

FAOE 

78?#= 

7?##=  f;lE  -  AOAARE  /CREATED  -  #1715/821 
7?1#= 

7?2#«  M*i«u»MUimi  REtRESStON' 
7?3#» 

7?*#< 

795#*  RESIDUAL  PLOT. 

794#* 

7?7#=  T  VALUE  T  EST.  RESIDUAL  -2SD  #.# 


»2SD 
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I 

I 


» 


mr- 


7998  = 

1.815 

1.578 

.229 

SM»= 

.235 

•  v  .8 

.127 

8  1= 

:.8M 

1.833 

<fci  ’• 

8121= 

1.891 

1.788 

.198 

5838= 

*  <fc2« 

1.75* 

.533 

84*8= 

2.887 

2.112 

.175 

8151= 

1.891 

1.839 

.151 

8181= 

2.108 

1.945 

.Ml 

8878= 

8181= 

SC’E  •  HI 

IHOI’ATES  EST 

nA’E 

c#n= 

R 

.HBI2ATES  ROIn 

* 

•i-i  ■ 

s;m= 

8;:i- 

S121--  Hunts  of  casss  plove: 

5 '.31=  Hunts  OF  I  5.B.  OUTLIERS 

8158=  VOH  REUAAHH  SA'IO  2.18181 
".68= 

8170  HIKER  OF  POSITIVE  REEICUAL. 
5181=  HUHEER  OF  HECAT1VE  RESIDUALS 
ei«=  HUH8ER  OF  RUHS  OF  SI  OHS 
8288= 


I  . 


ALO'._ATED  HI’-  HEANS  0. IS* I’. ’El 
r  SAI.OE  OF  ~  J’ 


8. 

I  OR  I  FERCEH’  IF  *U[  *;TC. 

cur&:h-*at;Oh  ’es*  ,:vm 


5. 


er.i--  horhal  apfroiiwi’io*  *o  s:o«  distriw’ior  irpcssidle. 

8228=  USE  A  TAILS  rCR  EIPECTEI  VAL.ES. 

8231= 1  INITIAL  REGRESSION  11/15/8;  '.1.25.57.  PAGE  22 

e:t»= 

8251=  FILE  -  NORAHE  ICREA’ED  -  II,. 5/82) 

8281= 

8271=  i  i  M  m  n  I  II  .  ’  ;  >  .  [  SECSESSIOHI<I<<<<<< 
S23l= 


8291=  0E&.  VAR.. 

.  EHG  EHtlHEERIHG  HC'.RS 

82«= 

8311=  HEAR  RESPONSE  2.U518 

S’C.  DEV. 

.61793 

8321= 

'8331=  VARlAtLEISl  EHTESE2  OH  S’E’  1 

3341=  TOCWAX 
8351= 

HAIIHUH  TAKEOFF  GROSS 

HEIC'i’ 

8361=  KUL’IPLE  S 

.8148  AHOVA 

OF  SLR  SQUARES 

HEAH  SC.  F 

8371=  R  SQUARE 

.4839  RECRESSIOH 

1. 

1.775 

1.775  11.853 

3381=  STD  CSV 

.3849  RESIDUA^ 

6. 

.898 

.158  SIC.  .814 

8391=  ADO  R  SQUARE  ,6*79  COEFF  OF  VARIAIILI’7 

ig.ipr; 

84H= 

8411=  VRR'.AILE 
8421= 

E  5.E.  1 

P 

SIC. 

8ETS  ELASTICITY 

8431=  TOCMAI 

1.122  .324 

11.85-3 

.114 

.81481  5.74873 

8441=  OOHS’AH’ 
8451= 

3441= 

8471= 

8484=  <<<<<< 
8494* 

-9.997  3.518 

8.175 

1  •  t  ♦  t 

.129 

i  m  i 

85M<  VRR’.AtlElS)  ENTERED  OH  STEP  2 

8511=  PROTO 

HUAIER  OF  PHOTOTTPE  AIRCRAFT 

8521= 

8531=  HW.T1FLE  R 

.8711  AROVA 

OF  SUA  SQUARES 

HEAR  SQ.  F 

8541=  R  SQUARE 

,7587  RECRESSIOH 

l< 

2.828 

1.814  7.862 

8554*  ST®  CEV 

.3591  RESIDUAL 

5. 

.445 

.129  SIC.  .829 

858#*  MM  R  SQUARE  .8822  COEFF  OF  VARIABILITY 

17. '.PC 

r 

1571= 

8581=  VARIABLE 
8591= 

8  S.E.  8 

F 

SIC. 

BETA  ELASTICITY 

8644*  T0WH41 

.998  .315 

18.888 

.825 

.72424  5.18991 

8411=  PROTO 

.217  .148 

1.945 

.228 

.32897  .25521 

8624=  COHSTAH* 

-9. 189  3.315 

7.882 

.839 

8634=1  IN".  TI4L  REGRESS 1 OH 

81/15/82 

18.25.57.  PACE 
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66**= 

6451=  -:.i  -  kC*A«  ICREA’Et  -  #1/15/82! 

6661= 

847#=  imitutliitlKl  RESR£SS:0 
6661= 

566*=  HE5.  VAR...  EM  EM'.kEER'.M  HOURS 
87##= 

67:1=  VARlADLEtS)  ENTERED  3P  STEP  3 
6711=  paxpach  PAIIPUR  PACH  PURSER 
873#* 


87*#=  HJLTIRLE  R 

.8674  APOVA 

DF  CUP  SQUARES 

PEA'  . 

r 

8751*  R  SQUARE 

.7874  REGRESSION 

3.  2.115 

.712 

4.^5? 

876#=  STD  DEV 

.3769  RESIDUAL 

.568 

.142  3 

.rs 

877#*  ADJ  R  SQUARE 

.626# 

C0E;F  OF  /ARIAEILI’I  17.iJC’ 

878#* 

879#=  VARIADLE 

8 

S.E.  1 

F  SIC. 

BE’A  E*A< 

88##= 

881#=  T0CPP41 

1.165 

.492 

6.612  .162 

.9153*  * 

.1793; 

8321*  PRC’S 

.1(7 

.135 

1.782  .253 

.32(73 

.2551*. 

883#=  PAIPACH 

■  H5 

.532 

.31#  .3(3 

-.25753  - 

.11547 

88*«=  CONSTANT 

■11.829 

5.<«2 

5.393  .#77 

8851= 

666*= 

887#= 

688#=  . . 

»|: 

69##=  WARE AtLE  iS)  EP’EREtl  OP  "£P  * 

891#=  P2UL7  ULTIMATE  LOAD  FACTOR 
8911= 

893#=  PUL’IPLE  R  .9#31  APOVA  OF  SUP  SQUARES  REAP  SS.  - 

694#=  R  SOU ARE  .8136  REGRESSION  *.  1.18#  .543  3.317 

895#=  STD  SEW  .*#53  RESIDUAL  3.  .4*3  .164  Sit.  ,17s 

594#=  ACU  R  SQUARE  .5*97  COEFF  Of  VARlADlLl’t  19.3PCT 
897#= 


898#=  VARIADLE 

8 

S.E.  D 

F 

SIC. 

DE'A 

elas-mi* 

6991= 

9*##=  ’OCPPAI 

1.276 

.529 

5.812 

.193 

.92651 

6.53679 

9#1#=  PROTO 

.211 

.167 

1.596 

.296 

.32663 

.15«72 

9#2#=  PAIPACH 

-.558 

.635 

.773 

.441 

.35*65 

-.159*2 

9#3#=  PIULT 

:.##i 

1.478 

.456 

.517 

,l9#5l 

1 i 

9#4#=  COPSTAP’ 

•14.214 

4.431 

4.883 

.114 

9#5#=1IPIT!AL  REGRESSION 

#1/15/82 

11.25 

57.  »4 

9#4#= 

9#7(*  RILE  -  POPAPE  (CREATED  ■  #1/15/8:) 

9#8#> 

9#9#=  iimimPU.TIRU  R  E  C  R  E  S  3  I  0  »  *  *  «  •  »  «  « 
911#= 

♦lit*  SEP.  VAR...  EPS  EPOIPEERlPt  POURS 
911#* 

913#*  VARIADLE(S)  ENTERED  OP  STEF  5 
914#=  TUT AREA  TOTAL  PETTED  AREA 

915#» 

r|  914#=  PULTIPLE  R  .9(82  APOVA  Of  SUP  SQUARES  REAP  SO.  F 

'  917#=  R  SQUARE  .8146  RECRES5I0P  5.  2.215  .4*1  1.883 

91lt»  STl  DEV  .4839  RESIDUAL  2.  .468  .23*  SIC.  .382 

•  9t9#«  ADJ  R  SQUARE  .3868  COEFF  OF  VARIAIIL1T7  23,#PCT 

9:##* 


921#*  VARIADLE 
9221= 

1 

S.E.  t 

F 

SIC. 

IETA 

ELASTICITt 

923#=  ’  OCPPAI 

l.4#4 

.747 

3.3«( 

.2*1 

l.#2#41 

7.19926 

92*»=  PROTO 

.211 

.212 

.9*5 

.*24 

.31(38 

.2*479 

923#=  PAIPACH 

-.462 

.823 

.448 

.5(5 

-.42*57 

-.18857 

9241*  PIULT 

1.(44 

1.774 

.34# 

.4*9 

.21291 

1.18718 

927#=  TPTAREA 

.252 

.77* 

.1(3 

.774 

.11*23 

.92257 

928#=  CONSTANT 

-17.414 

12.988 

1.839 

.3(8 

929#= 
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» 
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I 

% 


1J»> 

93i»*  A l.  VAR'.ARlES  ARE  IK  THE  EDUAT'.ON. 
9331= 

9331* 

934* 

9351=  CCEFFICIEITS  AW  COKPIDENCE  INTERVALS. 
9341* 


937#*  VARIABLE 
938#* 

8 

95  PCT 

:.t. 

939#*  'ODUAAX 

1.454 

*1 .8#9# 

4,4212 

9*##*  PROTO 

.21*4 

-.449# 

1.1712 

9*11=  HAIRACt- 

-.4421 

-*.2#19 

2.3778 

94#*  HIULT 

1.1454 

-4.5753 

8.7(44 

9*3#*  TV’ ARE* 

.2513 

-3. #845 

3.59#2 

9*4*  COKSTART 

-17.41** 

-73,4972 

38.243* 

9*31= 

941* 

9*71=  VARIAHCE/COVARIAHCE  P.ATR1I  CF  THE  JWIORHAIIIED  REDRESS!;'.  COEFP"'.!*' 
941= 

9*9#* 


95#«*  HZUL* 

951#*  HA1RACH 
952#*  THT48EA 

3.(534* 

-.53997 

.(5348 

.47*84 

-.2*793 

.4(199 

953#*  TOCHPAt 

.11*39 

-.*4378 

,3(922 

.55817 

954*  PRC’O 
953#= 

.##539 

.#•372 

-.#2513 

-.8348# 

.#*(35 

934#= 

957#= 

938#= 

HZULT 

XAIRACH 

THTAREA 

TOCWA) 

PROTO 

939#*1IH:TIAL  RECRESSIO* 

•1/15/82 

U.23.57 

9*1#= 

9*-.#*  F’..E  •  WWAHE  (CREATED  •  #1/15(31' 

9t:#* 

943#--  immi»«nr!n  E  9  E  ;  R  E  $  S  1  -3  #**»*»»* 
9**#= 

9*51=  OEP.  VAR...  E»C  END  IKES  IRC  HOURS 

94*#= 

947#* 

9*8#=  SUMtART  TADLE. 

949#= 


97##*  STEP  VARIA8LE 
971#. 

E/R 

f  w; 

,T-R  R-S5  CHAtiDE  R 

OVERALL  p 

SIC. 

972#*  1  TODWAX 

E 

11.833 

,813 

.44* 

.44*  .813 

11.833 

.11* 

973#*  2  PROT! 

E 

1.943 

.871 

.739 

.#93  .525 

7.842 

.#29 

974*  3  HAIRACN 

E 

.5*1 

,887 

.787 

.#29  .5(2 

*.939 

.#78 

973#*  *  HIULT 

E 

.*58 

,9#3 

.814 

.#28  .333 

3.317 

.17* 

974*  3  THTAREA  E 

977#*UV.T1AL  REDRESS I » 

.1(3 

,9#8 

.625 

,49  -.2*3 
•1/13/32 

1.383 

11.25.57. 

.382 

[SDE 

978#= 

979#*  FILE  -  HOMME  (CREATED  -  #1/15/81) 

98##* 

981#*  niMiiitmTlP.E  R  E  D  R  E  S  S  ’.  C  N 
982#* 

983#* 

984*  RESIDUAL  PLOT. 

985#* 


984* 

987#* 

T  VALUE 

T  EST. 

RESIDUAL  -2SD 

#.# 

984* 

2.133 

1.83# 

.3*4 

4 

984* 

l.M* 

l.#41 

-.#54 

T 

99##* 

2,73* 

2.514 

.237 

’  i 

41#* 

1.813 

2.217 

-.44 

.  : 

992#* 

1.953 

2.3*4 

-.353 

.  i 

993#* 

2.22# 

2.173 

.#*7 

i. 

44* 

1.917 

1.789 

.128 

i 

995#* 

3.#*3 

2.9*9 

.#94 

t 
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V46I* 

»97»=  no*:  •  m  indicates  iriM-E  :alcu,.a*ed  uith  heals  ;.ss*:*c*eo 

»98i=  r  Indicates  point  cot  of  range  of  plot 

9990* 

MM* 

Mil*  NUN6ER  Of  CASES  PLOTTED  8. 

Mils  NUMBER  OF  1  S.C.  OUTLIERS  I  OR  I  "ERGEN*  OF  THE  T’TSi 

M3I= 

MAI*  VON  NEUMANN  RATIO  t. 94889  DURBIk-HATSON  ”$T  1.71018 

MSI* 

MM*  NUMBER  Of  POSITIVE  RESIOUAlS  0. 

M7I*  NUMBER  Of  NECATIVE  RESIDUALS  3. 

MM*  NUMBER  OF  RUNS  Of  SIONS  5. 

|  M9#» 

I1M*  NORMAL  (APPROXIMATION  TO  s;ON  DISVIBU'IOk  IMPOSS'BLE. 

1111*  USE  A  TABLE  FOR  EJECTED  VALUES . 

•  «ii»*;i»:tial  regression  n/n/ei  u.zs.r.  page  n 

IlM* 

•141* 

1151=  CPU  TINE  REOUIREl..  ,3891  SECONDS 
1141* 

1171* 

I1N* 

1.91*  TOTAL  CPU  T1N£  USES..  ,4771  SECONDS 

•IN* 

1111* 

nil* 

1131* 

•141*  RUN  CONPLETED 
KM* 

K4I*  NURBER  OF  CONTROL  CAROS  READ  34 

1171*  NUNBER  OF  ERRORS  DETECTED  I 

K8»*S 

K9I*»E0R 

..I 

NANO-  LOGOUT 

3.484  SEC.  4.444  ADJ. 

14.834  SEC.  4.344  AO.J. 

US  9.411 

NNECT  *INE  i  HRS.  38  NJN. 

1/13781  LOCOED  OUT  »T  M.54.14, 

/ 
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REGRESSION  REG  4 
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v-:£- 

:r8= 

»c  e •  •-• 

M._"  . ;  -i 

i"i: 

**<:\»  •*:-  ■::•• 

15i’s 

r8*r^{-  k,  -.  *i* " il  - 

:;*’= 

-A-8i*4i  -*;.■•  , 

lit* 

:.i: 

Vi: 

.  »i': 

:;8* 

»:,p 

let-  !s?." 

'if.-.:.. 

:n--  <  := 

.^■9  *V«  % 

'/:»= 

ttto.EC: 

:*a= 

i»> 

m* 

il* 

*:8= 

ijf=  i 

• 

*58*  ::«•/£ 

-t.i= 

T3c.^»*^  :*;:*«!  ■ 

«7I*  COBfx" 

•kovah; 

*81'  COUP,” 

*9i*  :»*•.“ 

PS37o=ts 

3Ms  A£J«\c»:.»*i 

vas  :t  ;.i8  ’iN* .  p*n»m7  ,  :5;,cxsi  .**  .s^  *: 

5:8* 

5:1* 

:*■  . 9«-  •  »■«*•  ••  «o«»*  •‘'r  « ■  u  -  •■-•'•■ 

•twnCww>vn-wf«w  »i*T  ;  »?“•.»•%»'  i  » 

5;i* 

«|9e;-,«;.-(i!/RES;D*8 

5*8* 

SECRES$.3fc*?OC-  «:TH  Hfii2t"**'R\iT.j»*0C8ivA< » *«  A- iA 

558= 

«|pfCn.«Jl-.:,/Rt5ID*8 

5*.8= 

RKft35:»*w*p  *;■-  «w.r’.«gTo.*::^*.7r»R-s 

578* 

RAI«Cii.«JL*::!/R£S:3s8 

588* 

R£JR££S:3(i*«W**'  UITh  RU>:.~.fR3’;,--3M<s» •.'*=£* 

:?i= 

IM'RIH.m^Mi/SESII'R 

*88- 

scsre« : »:r*.  m«. '.-fR-: 

6:i: 

««<MC'.v£u'i.'/Rt3::*8 
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n  UMl 

.89:*  VUESSlft 

3.  5 

•  ii*  1  M  ».£» 

.397’ 

A.  .41. 

■79#.  MU  ;  ;;.4s 
:JH= 

.8.11  -Ot”“  OF  *An 

:»ii»  m:  41.- 
:82»= 

l  i.i.  i 

c  i:;. 

K7i 

183»«  »«0*0 

.391  ,14; 

'.3.511  .92: 

TWMl 

.7>!  ,:u 

7.513  .11 1 

,A  iu 

:5M« 

1.002 

•3;l  .51* 

;»*<»  :>nur 
:?7*. 

:3»« 

•9.57*  1.15* 

3.577  .275 

:;5*<  -.eve. ;; 

3ixW#CE-,.tVE.  I*£jrr 

•.-**  -v-r 

c:k> 

.in-.  ak:  cawrtsEscs  ih»*ervAw- . 

'.Li: 


k*ils  uS E  £  -3  _E  -34  EXEE.'EE 

;£;st5-:;s 

6*31= 

*«*#-  •■;_£  -  to*;'-  :cses'es  -  «:,".5/s;i 

u»> 

6<i»s  i  s  C  ?  t  :  i  I  :  S  n  t  . 

c-i* 

t£oii=  ;•?.  nwi:  *i»7E4:4l3 

mi-- 

i5EI*  *E44  - l 3  4;3  4.EESJ7  5*3,  EEV,  ,£-!5? 

!'.?* 

-CLi:  *4- 74E-E (E !  E4"E4EE  31*  3~E*  1 

tciis  ”  33  ■**  - 1  "E* !  ’’Jl  ’-4E3E-  3ECSS  *£33*7 

!i«. 

3  ■  _3  4  -4C*4  Er  : .*  ji.4-.E3  ’*3-''  3 3 , 
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E.E.  S 

r 

«:g. 
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k.e 
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.;#= 

:##= 

;:#= 

22#= 

::#=  run  nape 

FACTOR  ANAUSIS 

244=  VARIABLE  LIST 

FTNT.FN2U.FNIP .FTOC.ATNT , ANIU 

25#* 

AN1N.AT0C.CTNT.CN2L.CPIP.CDS 

24#= 

FF.AA.CC.FN.AN.CN.FP.NP.DP 

27#*  INPUT  FORPAT 

FREEFIELD 

t 

28#*  INPUT  PEDIUP 

DISK 

29#*  N  OF  CASES 

UNKNONN 

3##*  CONFUTE 

FF=FTNT/FTOC 

o 

31#*  CONFUTE 

AA=ATNT/ATOC 

32#*  CONPUTE 

CCCTNT/CTOC 

33#*  CONPUTE 

fn=fnzu»ftnt 

(? 

34#*  CONPUTE 

AN=ANZUlATNT 

35#=  CONFUTE 

cn*cnzu«:tnt 

36#=  CONPUTE 

FP=FN2U/FP1P 

(_ 

37#=  CONFUTE 

NP=AN2U/APIP 

38#=  CONPUTE 

CN*C«2U/CP1P 

39#=  FACTOR 

VARIABLES*  FTUT  TO  CTOC/TTPE* 

c 

4#<= 

R0T4T£=0U4fiuP4I/ 

41#= 

var!ables-fn.an.C6;t’fe=?a;/ 

42#= 

SOTAT£=OU«R7INAI/ 

( 

43«= 

variables=ff.aa,cc."?fe=ra;/ 

44#= 

R07ATE=8UART:nAI/' 

45#= 

VARIABLES*FP,,NP>DP/TtPE=FA:; 

< 

44#= 

ROTATE=8UARTIPA«/ 

47#= 

VARIABLES=FN,AK.C)..FP.NP.:p/T 

48#= 

ROTATE sOUARTINAl. 

49#=  OFT  ION 

8 

5##=  S7A-IS72CS 

ALL 

5l»«  READ  INPUT  DATA 

s:#= 

53#-  JM537M  CP  NEEDED  FOR  FACTOR 

541= 

55#=  ENC  OF  FILE  ON  FILE  DAI 

56#--  AF'ER  REACINC  A  CASES  FSOP  SUBFILE  NONAPE 

57I--1FACT0R  ANAUSIS  13/22/82  14.41.: 

58#= 

591=  FILE  -  NONAPE  (CREATED  -  #3/23/82) 

6##= 

6!f= 


rad: 


62#=  VARIABLE 
63#= 

NEAR 

STANDARD  DEV 

C4SCS 

( 

64#*  FTNT 

2347.6667 

551.4917 

6 

65#*  FNZU 

11.6667 

1.2813 

6 

66#=  FNIP 

1.875# 

.7198 

6 

c 

67#=  FTOC 

R3Z9I.MM 

17918. #191 

6 

68#*  ATNT 

2354.3333 

932.5915 

6 

49#*  matt 

7.3### 

3.9981 

6 

o 

7H>  ANIP 

1 .13## 

.4213 

6 

718*  ATOC 

49742.#### 

21188.5157 

6 

o 

72#«  err 

14431.6447 

11272.9988 

6 

73#«  CNZU 

3.675# 

.3387 

6 

74#=  CNIP 

.695# 

.1887 

6 

c 

751=  CTOC 

496#S#.f#«« 

433179. #381 

6 

76#*1FACT0R  ANAUSIS 

13/22782 

14.42.32.  FACE 


771= 

781=  FILE  •  NONANE  (CREATED  -  #3/22/827 
79#* 

m* 

#1#*  CORRELATION  COEFFICIENTS.. 

82#* 

83#* 
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s**= 

86#= 

FTtf 

FWU 

FAX* 

roc 

rtf 

1 

571= 

881=  7V 

l.l«(44 

-.14(18 

.68111 

.4276* 

.375(9 

89*--  "HZJ 

-.14419 

l.(MH 

.58831 

.21158 

.22361 

911=  f»m 

.(8111 

.58631 

l.((M( 

.75629 

.38C? 

«_ 

811=  FTOC 

.4274# 

.21159 

.75629 

l.HMt 

92#  =  ra: 

.37549 

.62369 

.38619 

.29928 

;.(###( 

c 

931=  ADZ'. 

.15247 

.139(9 

.56(1* 

.62256 

,i«::4 

94#=  AM* 

.14585 

.65571 

-.63(91 

-.61618 

.336(1 

954=  ATOC 

.65877 

.61835 

.4(376 

.277*; 

.81531 

94#=  cnr 

.(8512 

.76(12 

.65949 

.25724 

.59414 

o 

97#*  CCD 

.72298 

-.24192 

- , 36*98 

.1(455 

.24481 

99#*  CHII* 

-.58484 

.76536 

.65142 

.295(8 

.2288-. 

99#*  CTOC 

-.24«49 

-.19169 

- .Ibl3( 

-.37241 

- . 25*72 

c» 

1###= 

lit#* 

1121= 

( 

!(3(* 

li<4= 

AK2D 

Atll* 

ATOC 

CTtf 

2NZ. 

'.«#= 

r 

;it#=  rtf 

.15247 

.14585 

.65877 

.68512 

.72295 

:#7#=  r«D 

.139(9 

.(5571 

.61835 

.76*12 

-.2»!92 

1(8*=  PM* 

.56(14 

-.63(91 

.4(378 

.65949 

-.26485 

/ 

i  #9#=  rac 

.62256 

-.61616 

.37758 

.25724 

. 184*5 

::##=  A7tf 

.1(314 

.338(1 

.91539 

.58414 

.24451 

mi*  a»G'j 

!.((#(( 

-.23(61 

.2(372 

-.1158E 

-.48342 

;;Zi*  ahxh 

-.23(61 

:.(((« 

.33536 

-.28164 

.225*7 

i’3#=  ATOC 

.2(372 

.33536 

1 . 0(8## 

.51375 

.21942 

:i4«=  CTtf 

-.19586 

-.261(6 

.51375 

l.Mtll 

-.1*758 

::s#=  cm 

-.48842 

.225*’ 

.31942 

-.#1758 

;,((((# 

116#=  CAXH 

.29592 

-.4(998 

.(4633 

.53421 

-.58445 

117#=  CTOC 
118#= 

-.85834 

-.28*59 

-.46924 

.28519 

.26281 

119#= 

12##= 

121#= 

1221* 

CM# 

CTOC 

i 

123#* 

124#*  FTOT 

-.58684 

-.24**9 

125#*  T«U 

.76536 

-.19169 

124#=  FAX# 

.65162 

-.2618* 

C 

127#*  FTOC 

.29B(e 

-.372*1 

128#=  ATUT 

.32891 

-.35672 

129#=  ANZU 

.29592 

-.85836 

c 

13##*  AHA 

- . 4(996 

-.28*59 

131#*  ATOC 

.(4633 

-.4692* 

1321*  CT4IT 

.53421 

.28519 

c 

133#*  CNZU 

-.56*45 

.262(1 

1344*  CtllH 

l.((H( 

- . #528* 

135#*IFACT0R  AHAUSIS 

(3/22/82 

14.42.32. 

PACE 

o 

134#* 

137#*  FILE  - 
13M* 

mwc 

(CHUTES  - 

(3(22/62) 

9 

1391* 

14##= 

141#* 

C 

1421* 

cm# 

CTOC 

C 

143#* 

144#*  CTOC 

-.(529* 

l.(f#H 

143#*IFACT0#  MMLTSIS 

(3/22/82 

14.42.32. 

PACE 

144#* 

147#*  FILE  • 

HHMC 

(CHEATE8  - 

(3/22/821 

r 

149#* 

149#* 

173 


:5i»= 

' 

is:#* 

152#*  VARIABLE  EST  C0IRMMUT1 

FACTOR  • 

Ev.iUE  K’ 

cu*  f;t 

c. 

1531= 

15*#=  ftm: 

:.###«« 

1  1 

.52772  27. 7 

27.7 

1551=  -421 

l.MIM 

2  2 

.#316#  25.3 

62.1 

1541=  FRM> 

l.(t#M 

3  2 

.25841  18. 8 

31.8 

L 

1571=  r TOC 

l.MMI 

4 

.81523  15.# 

94.9 

ISM*  ATUT 

1.1#### 

5 

.37714  3.1 

:«#.# 

159#*  ANZj 

l.###f# 

4 

.(lit#  .# 

1M.I 

C 

14M*  AAXA 

l.i#### 

7 

.1(1(1  .( 

INI 

Ul«>  ATOC 

1  .###•• 

8 

.»#(•(  .1 

1M.I 

1421*  CHIT 

l.ftM# 

9 

.Mitt  J 

1M.8 

O 

143#*  CUD 

1 . (#### 

11 

9(194  -.« 

1M.( 

144#*  CMXA 

;.<M«# 

11 

#1119  -.# 

;##.# 

145#*  CTOC 

l.tMM 

12 

3M#f  -.1 

!((.( 

o 

164#*1FACTGR  ANALTS1S 

13/22/61 

14. 42. 32 

147#* 

148#*  FILE 

N04A4E  (CREATES 

-  13/22/82: 

<_ 

1491= 

I’M* 

171#=  FACTOR  MTRII  US  IRC  PRINCIPAL  FACTOR 

1  MG  ITERATIONS 

( 

172#* 

173#* 

174#= 

c 

175#* 

174#* 

FACTOR  1 

FACTOR  2 

FACTOR  3 

'ACTOR  4 

mi-- 

( 

178#*  -TUT 

.14492 

.83731 

-.2B623 

.4(212 

179#=  F42'.' 

.82744 

-.##445 

.45125 

-.32454 

18M*  FMXM 

.fsess 

- .28498 

-.#8771 

.28956 

1, 

181#*  FTOC 

.48555 

.11949 

-.4444# 

.5319# 

is:#*  «:#: 

.74321 

.54 #22 

.24323 

-.24983 

183#=  ANZU 

.53244 

-.23288 

-.79515 

-.1735# 

( 

184#=  m* 

-.24493 

.41125 

.19343 

-.73891 

135#*  ATOC 

.49717 

.49562 

.#3449 

-.12273 

184#*  CTIT 

.48341 

.(2381 

.4443# 

.2413# 

( 

187#*  CHZU 

-.214(8 

.8(#25 

.134(4 

.4439# 

188#*  24X4 

.47383 

-.6(815 

.29159 

-.16165 

189#*  CTOC 
19M* 

191#* 

192#* 

193#* 

-.44141 

-.18368 

.73188 

.48554 

194#*  VARIABLE  C044U44UTT 

( 

195#= 

194#*  FTRT 

.97332 

197#*  FB2U 

.99374 

198#*  F4I4 

.94299 

c 

199#*  FTOC 

. 95147 

2J#f>  ATUT 

.974*5 

2#if*  m 

.99997 

o 

IK*  MUR 

.99942 

2#3#*  ATOC 

.984(5 

ZMh  OUT 

.943M 

o 

Z#5«*  CRZU 

.91245 

2#4#»  C4X4 

.93434 

z#7i«  croc 

.99998 

c 

2I8#*1FACT0R  ANALTSIS 

13/22/82 

14.42.32. 

2#9#» 

21M*  FILE  - 

HOMME  (CREATES 

#3/22/821 

c 

211#* 

2121* 

213*«  OUARTIfUX  SOTHTEB  FACTOR  MATRIX 
f  :m»  AFTER  ROTATION  KITH  KAISER  NORfMLlZATION 
2151* 


PACE 


174 


(  :;?*= 
218#* 


2194* 

FACTOR  1 

FACTOR  2 

FACTOR  3 

FACTOR  4 

l 

2244= 

2214*  TiiT 

.14144 

.94929 

.11259 

.18324 

L 

2224*  FA2D 

.94518 

-.34935 

.44942 

".44711 

2234*  FAIR 

.52783 

-.17474 

.74819 

.25104 

2244*  FTOC 

.23348 

.27448 

.81393 

.39479 

2234*  ATUT 

.93478 

.24224 

-.11473 

.17(94 

C 

22*4*  AX2U 

.12484 

-.17445 

.37197 

.91205 

2274*  4RIA 

.14827 

.24212 

-.94996 

.14729 

2284*  ATOC 

.84927 

.48241 

-.45448 

.34939 

9 

2294*  CTWT 

.84712 

-.45424 

.34214 

-.39787 

2344*  CUD 

.42948 

.88575 

-.'.#731 

-.3251: 

9 

2311*  CRIA 

.53389 

-.71349 

.37328 

.02475 

2324*  CTOC 

-.17313 

-.44591 

.084(7 

-.97999 

2331* 

2341* 

(  2350= 

23(1* 

2371*  TRARSFORAATIOI  HATCH 
C  2381= 

3394= 

2444* 

(  24;*= 


2420= 

FACTOR  1 

FAC'OR  2 

FAC’OR  3 

ACTOR  * 

2430= 

2444=  c ACTOR  1 

.64559 

-.06452 

.44793 

.35345 

2450=  FACTOR  2 

.29493 

.84750 

-.3941: 

.459(5 

2440=  FAC'OR  3 

.44441 

-.19452 

-.20494 

-.83823 

2470=  FACr0R  4 

-.2154T 

.44997 

.74297 

-.41091 

2480=1FACT3R  AAALTS1S 

43/22/82 

14.42.3 

2491= 

2544*  FILE  -  AOAAAE  (CREATES  -  43/23/82; 

2514= 

2524* 

2534=  FACTOR  SCORE  COEFFICIENTS 
2544= 

2554= 
i  25(4= 

2574* 

2584*  FACTOR  1  FACTOR  2  FACTOR  3  FACTOR  4 

c  2594= 

2(44=  F-mt  ,44394  ,  3(159  .10414  J43«9 

2(14*  FWU  ,27858  -.13744  -.49177  -.42917 

C  2424*  FRIA  .47751  -.41941  .25941  .43419 

2434*  FTQC  -.13242  .14478  .33474  .49754 

2444*  AT1IT  .24942  .  45577  -.12324  .  42782 

0  2*54*  ARID  -.47138  -.45135  .48428  .37157 

2**#*  ARIA  .11958  -.41235  -.42825  .12445 

2*74*  4T4C  .213(8  .15248  -.47385  .48324 

9  2444*  CT1IT  .22859  -.44147  .11487  -.24498 

2*94*  OEEU  .41448  .33195  .44837  -.15248 

2784*  an  .14444  -.25189  .  45444  -.13442 

O  2711*  CTOC  -.44327  .413*7  .11718  -.42425 

2724* 

2734*  ERROR  AUAIER..  843.  dtOCESSIW  CEASES.  ERROR  SCAR  COAT  HIDES. 
C  2744* 

2754* 

2744*  CRD  TIRE  RE0DIRE8 . .  .1534  SECOKOS 

O  2774* 

2784* 

2794* 
r  2844* 

2814 . ERROR  SMART . _ 
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APPENDIX  H 
FACTOR  ANALYSIS 
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I 


( 

c 

o 

o 

( 

( 

r 

< 


we  faj*or 

LLi=. ARISZ.Z  .IS’  -"•'*FNZu».NIK,F*CC.ATi»7iAAZi.' 
,C#=  AH  IN. A73s*.;.T*i  *CN«  tLNXN it . DC' 

13|:  FF,AA.CC>f*>AN.CN.FH.NH.C« 

•«#=;n*JT  FDfWftT  FREEFIElO 


:5#=:npl!’  nesiuh 

16#=N  OF  -A3E- 

.:#--■:  jhfjte 

ie#-;o»ic.,TE 

H*»C»rj’E 

2##=cohfj*e 

:i#=cchp-“ 

22#*CONPl~E 

23#*conpite 

ZA#*C0NPL7E 

25**C0»(TE 

271 .FACTOR 

C9#* 

s«#= 

si#= 

s:#= 

3:1= 

3»#=0'7I0NS 
;5«=-:e-:  •;*::• 

3u=sem  :wr  :s 

.  .SAVEtFAiiN.G 
..xe*urn,k; 


d:sk 

IJNKNJUK 

FF=FTilT/FTOC 

aa*atht/atoo 

cc=c:kt/ctoc 

FN=FNZU«PTir 

AN-ANZU*AF’iliT 

CN=CNZU4C71*T 

FH=FNZU/F«H 

NN=ANZU/AH)N 

CH=CNZU/CH1N 

variablES^’M'Cc/'xfE'Fa; 
srs'E=ouAR*:«ai< 
.as;ae>:-:=fa,aa.ca.’Tiff:fa;/ 
RC7A*E*3LiR  jN-1. 

VARIABLE$*fn,AN.3N»FHiNN.CH-'’TFF;;a; 

R0’A7E=iuARTIHAI/ 

c 

ALl 

i'A 


..reniw.spss.M'Z.fa: 

..$5SS.B=5A:iI*FA1.i.O=ASRV.l=II!.NR 

PS£  ERRORS 

..EEI7.U1.S 


( 


( 


( 


c 

9 

O 

( 


( 


( 


1##=: 

::»=s 

;z#=  is/zz/e:  is.cs.cs.  fa; 

*.3#=  voceliack  cohpjtin;  center 

;«#=  N09THUESTERN  JtttVERSI'T 

15#= 

[hi--  3  A  S  S  -  -  STATISTICAL  FACKACE  FOR  THE  SOCIAl  sciences 

171= 

’8«=  VERSIOA  R.l  ••  JUNE  18.  1879 

19#= 

:m= 


ZI#  = 

CZI= 

C3#>  RUN  NAHE 

FACOR  ANALISIS 

ZM*  VARIABLE  LIST 

FTIIT.FttU.FHIH.FTOC.ATIITiANZU 

251* 

ANJH.ATOC.CTlIT.CNZU.CHIH.C’OCi 

2H> 

FF1AA.CC.FN.AN.CN.FN1NN.CN 

271*  INPUT  FORNAT 

FREEFIELB 

281*  INPUT  NE5IUH 

DISK 

29#*  N  OF  CASES 

LINK  NORN 

311*  CONPUTE 

FF*FTMT/FTOC 

311*  CONPUTE 

AA»ATNT/ATOC 

32#*  CONPUTE 

CC*CTNT  FCTOC 

33#=  CONPUTE 

FN*FNZtf#FTNT 

3A#»  CONPUTE 

AN*ACU«ATUT 

35#*  CONPUTE 

CN*CNHWTUT 

3 W*  CONPUTE 

FN*FN2U/FN|N 

37#*  CONPUTE 

NN*ANZU/ANIH 

38#*  CONPUTE 

CN*CN2U/CNJN 

39#=  FACTOR 

VARIABlES*FF. AA.CC/TTPE  *FA1,’ 

(#1= 

ROTATE >OUARTINAI/ 

177 


AD- A 123  848  AIRFRAME  RDT&E  COST  ESTIMATING:  A  JUSTIFICATION  FOR  AND 
DEVELOPMENT  OF  UN. . (U)  AIR  FORCE  INST  OF  TECH 
WRIGHT -PATTERSON  AFB  OH  SCHOOL  OF  SYST. . 

UNCLASSIFIED  C  L  BECK  ET  AL .  SEP  82  AFIT-LSSR-56-82  F/G  1/3 


*U*  VASIAiLES'FA.WI.U/TTPE'FAl/ 

»2*'  ttOTAT£>QUMT!MI/ 

♦34*  vMiuus>n>M>ai>ni>M.cp/:ifE>p*i/ 

♦44*  MTDTl>«MTlMt/ 

434*  OPTIOHS  3 

«*#•  STATISTICS  ALL 

*7i'  me  imi  oata 
*»' 

4N*  **4531**  c*  ernes  rot  rucroR 

344* 

514*  EH  Of  FILE  «  PILE  MI 

s»*  after  reasik  t  uses  nw  subfile  mmk 

aniMCTOK  ANALTS1S  *3722/82  15.24.28.  P«£ 

s» 

53*'  FILE  -  WWW  (CHEATED  ■  13/22/82! 

sa- 

J7»« 

58*'  VARIABLE  ISM  S7AA0ARS  DEV  USES 

!«• 

4 **'  FT  .1587  .1218  8 

MM  M  .1485  .M72  4 

*»'  CC  .*428  .42*4  4 

634MFACTQR  AHALTSIS  13/22/82  15.24.28.  PACE 

444* 

454*  FILE  -  WWW  (CHEATED  -  43/22/821 
644* 

474* 

484*  CDRRELA'IO*  COEFFICIENTS. . 

684* 

744* 

71»* 

724= 


*3/22/82  15.24.28.  FACE 


73»* 

FF 

AA 

c: 

741* 

C.  754*  FF 

1.44M* 

-.43852 

-.12345 

744*  AA 

-.43852 

1.44*44 

-.48281 

774*  CC 

-.12345 

-.18281 

1. 44444 

C  784MFACT0H  AMLTSIS 

*3/22 

784* 

8f*>  FILE  -  WWW 

(CHEATED  - 

*3/22/82) 

834*  VARIABLE  EST  CMUMLITT 
844* 

FACTO! 

EICEWALUE 

FCT 

CW  FCT 

874*  FF 

1.44*44 

1 

1.5*432 

54.4 

54.4 

884*  AA 

1.4*44* 

2 

1. 11147 

33.8 

83.8 

884*  a 

1.44444 

3 

.44141 

14.1 

1*4.4 

844MFACT08  MALTSIS 
814* 

824*  FOE  -  WWW  (CHEATED  -  *3/22/42! 


*3/22/42  t5. 24.28. 


1  F4CTW  HATH1I  U4IK  FtlKIFM.  FACTO!,  W  ITEMTIOK 


1444* 

FACTO!  1 

FACTO!  1 

1414* 

1(24*  FF 

.14884 

.8771* 

1434*  AA 

.44738 

-.24225 

1444*  CC 

-.87174 

-.147*4 

1454* 

178 


FACTOR  1  FACTOR  2 


.13172 

.87134 

-.85721 


.98818 

-.13812 

-.17229 


1178s 

C  1888- 

1898*  VARIAIU  COMMALITT 

1188* 

t  1118*  FF  .97729 

1128*  AA  .7T441 

1138*  Ct  .7(449 

C  1148*1FACT0R  ARALTSIS 
1118* 

1148*  F1U  -  I0RARE  ICREATEB  -  83/22/821 
C  1178* 

1188* 

1198*  8JART1M1  ROTATE!  FACTOR  RATRII 
O  1288*  AFTER  ROTATIOI  HITH  KAISER  RORRAUZATIOR 
1238* 

1228* 

O  1238* 

1248* 

1258* 

('  1241* 

1278*  FF 
1288*  AA 
C  1298*  CC 
1388* 

1318* 

C  1328* 

1338* 

1348*  TRARSFORRATIO*  RATRII 
C  1358* 

13(8* 

1378* 

C  1388* 

1398* 

1488* 

O  1418*  FACTOR  1 
1428*  FACTOR  2 
1438*1FACT0R  ARALTSIS 
0  1448* 

1458*  FILE  -  ROMS  I CREATED 

1448* 

C  1478* 

1488*  FACTOR  SCORE  COEFFICIEITS 
1498* 

(  1588* 

1518* 

1528* 

C  1538* 

1548* 

1558*  FF 
O  15(8*  AA 
1578*  GC 

•  1198* 


83/22/82  13.2(.29.  FACE 


FACTOR  1  FACTOR  2 


.992(8 

-.12881 


.12881 

.992(8 


83/22/821 


83/22/82  15.24.29.  FACE 


FACTOR  1  FACTOR  2 


-.81(79 

.58934 

-.5(178 


.9(415 

-.1(798 

-.13599 


RUBER..  843.  FMCESSIRC  CEASES >  ERROR  SCAR  COKTIKJES. 


o 


o 

c 


U18* 

1(28*  CW  TIRE  REOUIREI. 
1(38* 

1(48* 

1(58* 

1(48* 

1(78*  - 


.8188  SECOttS 


SMKMT 


1(98* 

1788* 

1718*  ERROR  HU..  843 

170*  VAR1A8LE  RARE  OR  S0KE80PT  VAAIA8US  LIST  IS  ROT 


179 


< 


I 


c 

c 

o 


3M*or:»$  5 

3ii*stat;stics  all 

321'IOt  INPUT  MU 
.. SAVE<FA1<R<0 
..» 

suck  wm  aaiK  -  n 
..returmi 

..REyUF>SF$S>M2'f«l 

such  mm  call  ink  -  reninf 

.  JBiIIS>SPSS.M2>F«l 
.  .SPSS<0*0A2<  1*FAA1  <L0*AKV<L*NI  <HR 

i  sns 

..arr>vi,s 

l<a 


O 

L 

C 

C 

(. 

(. 

O 

C 

C 

c 

C 

0 


1«<1 


llf<S 

121= 

I3/22/C2  15.41.21.  PACE 

13#< 

VOCELSACK  CORFITTIRC  CENTER 

141= 

NORTHWESTERN  UR1VERS1TT 

151= 

14R< 

S  F  5  S  -  •  STATISTICAL  PACXAC E  FOR  THE  SOCIAL  SCIENCES 

171= 

1U< 

VERSION  S.l  -•  JURE  1S<  1979 

<91= 

2M= 

211* 

22!< 

23i<  SDR  IMRE 

FACTOR  AHALTSIS 

:«<  VAR1ASLE  LIST  FTHr,FRZW/F»IH<FTOC<ATIiT<AHU< 


231* 

AHIH1ATOC1CTHT<CNZU<CHIH<CTOC1 

24R* 

FF<AA<CC<FN<AR<CN<FR<NR<CR 

271*  INPUT  F0RRA7 

FREEFIELO 

28i<  INPUT  RESIUR 

DISK 

294*  R  OF  CASES 

UNKNOHN 

3M*  CORPUTE 

FF*FTHT/nOC 

311=  CORPUTE 

AA*ATHT/ATOC 

32l«  CORPUTE 

CC*CTHT/CTOC 

33R*  CORPUTE 

FN*FN2U«FTHT 

34R»  CORPUTE 

AR*ARZU<ATHT 

331=  CONFUTE 

CR*CR2U<CTHT 

344*  CONFUTE 

FR*FNZU/FRIR 

371*  CORPUTE 

NR*ARZU/ARIR 

334*  CORPUTE 

CR*CNZU/CRIR 

344*  FACTOR 

VARIA4US*FN<AN<CN<FR<NR<CR/TTPE*PA1/ 

444* 

ROTATE*flUARTlRAI/ 

414*  OPTIONS 

S 

424*  STATISTICS 

ALL 

430*  REM  INPVT  DATA 

o 


444* 

«5»*  4MS3144  CH  SKI  FOR  FACTOR 


9 

O 

c 

( 


4»OIOF  FIU  OR  F1U  M2 

m-  after  neminc  t  cues 

<H<1F<CT0R  AHALTSIS 

sm> 

SIR*  FIU  -  NORIK  ICREATE1  - 
S» 

S3K 

MR*  VRRIMU  REM 

$31* 

9M<  FR  24454.3754 

st*  m  tiw.M 

yts _ 


FROR  SMF1U  AORME 

43/Z2/R2  lS.41.2i. 

13/22/Cl 


STRRMRt  DEV  CUES 

4112.7141  4 
4271 .STtl  4 
31444,1447  4 


PACE 


180 


rz 


7. 


ill*  ex 

3.7111 

1.8517  4 

428*1FACT0R  NMLTSIS 

83/22/82 

15.41.24. 

( 

L 

448*  FILE  - 

448> 

XOIME  IOEATED 

-  83/22/82) 

471*  COARELATIOR  COEFFICIEITS. 

AM* 

0 

AM* 

7N> 

711* 

o 

728* 

FI 

M 

Cl 

FX 

73** 

7w*  n 

1.88888 

,43AM 

.51375 

-.21144 

o 

758*  M 

.43488 

1.88888 

-.83792 

-.43135 

7AI*  Cl 

.31375 

-.83792 

1.88888 

-.52384 

771*  F* 

-.21144 

-.45133 

-.52384 

tWWwww 

c 

7M«  Ml 

.84217 

.7748 3 

-.84382 

-.78119 

7M*  C* 

9M> 

.28844 

-.27888 

-.39982 

.S4C38 

c 

811* 

0* 

838* 

c 

848* 

CX 

c 

8S8* 

848=  FN 

.28844 

878*  M 

-.27188 

888*  Cl 

-.39982 

898*  FX 

.34838 

988*  IX 

-.43399 

918*  CX 

1.88888 

924=IFACTW  AIALTSIS 

43/22182 

13.41.24. 

( 

938= 

948*  FILE  - 
938= 

X0MKE  (CREATED 

•  83/22/82) 

c 

948* 

978* 

988* 

c 

9M*  VARIABLE  EST  C8MUMLITT 

FACTOR  EICEXVALUE  PCT 

aix  pct 

1888* 

1818*  FI 

1.88888 

I  2.79333  44.4 

44.4 

c 

1828*  M 

1.88888 

2  1.47425  24.4 

71.2 

1838*  Cl 

1. 88888 

3  1.29498  21.4 

92.7 

1848*  FX 

1.88888 

4 

.37298  4.2 

99.8 

0 

1838*  Ml 

1.88888 

3 

.84225  1.8 

1M.8 

1848*  CX 

1.888M 

4 

.88888  .8 

1M.8 

1878*1FACT0R  NMLTSIS 

83/22/82 

15.41.24. 

0 

1818* 

1898*  FILE  - 
1188* 

MIME  (CREATED 

-  83/22/82) 

• 

HIM 

tl»  FACTOR  XATXII  USIK  PRDKIPAL  FACTOR 

18  ITERATION 

ua* 

a 

1148* 

1138* 

1148* 

0 

1178* 

FACTM  1 

FACTOR  2 

FACTOR  3 

1188* 

UM*  F8 

.34788 

.7B77 

.38437 

0 

1Z88*  M 

.73414 

-.14424 

.34172 

1211*  a 

.43181 

.74841 

-.47147 

0 

1228*  FX 

-.18134 

-.84813 

.21299 

1238*  M 

.82381 

-.43843 

.23441 

1151* 

126** 

127** 

ta*> 

I2H*  VARIABLE 

C0HNJML1TT 

1333* 

131**  FA 

.94451 

na*  AN 

.91*32 

t33i*  cn 

.99354 

134#*  FN 

.34277 

1351*  M 

.93911 

lac#*  a 

.33254 

137I»1FACT0R  AWLTSIS  tilVJtl  1S.41.Z4.  FACE 

O  1383* 

1398*  FILE  -  KOMIS  (CREATE!  -  *3/22/82} 


14M* 

O  1418* 

ua»  quart: mi  rotate!  factor  mtrii 

1438*  AFTER  ROTATION  KITH  KAISER  NORMALIZATION 
C  14A»« 

145** 

144** 

C  1471* 


1483* 

FACTOR  1 

FACTOR  2 

FACTOR  3 

1491* 

f 

ISM*  FN 

.17585 

-.14334 

.471*8 

1513*  AK 

.41424 

.4244# 

.24813 

:;a*  ck 

-.13973 

-.89244 

.42144 

/ 

1533=  FK 

-.63575 

.43372 

-.33883 

1543*  KK 

.45344 

-.12441 

-.11745 

1553*  CR 

-.36216 

.71971 

.43315 

( 

1543* 

1573= 

1583* 

r 

1593* 

14M*  TRANSFORMTIOK  MATRIX 

1413* 

r 

1623* 

1433* 

1443* 

c 

1453* 

FACTOR  1 

FACTOR  2 

FACTOR  3 

1641* 

1471*  FACTOR 

1  .83494 

-.57935 

.12332 

c 

1483*  FACTOR 

2  -.43892 

-.38537 

.82721 

1493*  FACTOR 

3  .42991 

.71822 

.54711 

c 

17RR*1FACT0R  AMLTSIS 

13/22/82 

1713* 

1723*  FILE  - 
1733* 

NONANE  (CREATE!  ■ 

■  13/22/82) 

0 

1743* 

1753*  FACTOR  SCORE  COEFFICIENTS 

1713* 

• 

1771* 

17* 

1713* 

o 

1333* 

FACTOR  I 

FACTOR  2 

FACTOR  3 

1313* 

1323*  FA 

.35114 

.31342 

.47131 

0 

1333*  AN 

.44944 

.19134 

.17973 

1343*  a 

-.2321 3 

-.55192 

.24233 

b 

1353*  FN 

-.172a 

.31593 

■Mia 

1343*  NR 

.44392 

•11441 

-.11342 

1373*  a 

*.18953 

.41324 

•98448 

1333MF4CT0R  AMLTSIS 

13/22/32 

c 

1393* 

..  - . 

1933* 

PACE 


PACE 


182 


183 


( 


#3/22/82  15.11.55.  PACE 


1M>1 

r.i<s 

121* 

is#*  voceuack  coiwtirc  cuter 

m*  hortwsteh  uhiversiti 

(.  15#* 

ltf*  SPSS--  STATISTICAL  P6CXKE  FOR  THE  SOCIAL  SC’.EHCES 

171* 

C  iat*  VERSION  S.l  -  JUK  II.  1171 

198* 

2M* 

O  2t*> 

22f 

238*  RW  HARE  FACTOR  MMLTSIS 

9  24#*  VARIABLE  LIST  FTHT.FH2U.FnH.nOG.ATItT.AiaU. 

251*  AHIH.AT0CiCTHT.CH2U.CHIH.CT0G. 

24#*  FF  iAA.CC.FNiM.CkiFHiMt.CH 

C  271*  INPUT  FORHAT  FREEFIEU 

23#*  1RPUT  HEDIUH  EISX 

291*  H  OF  CASES  URKHOHR 

C  3M*  COHPUTE  FF*FTHT/nOC 

31#>  COHPUTE  AA*ATHT/ATOG 

321*  COHPUTE  CC’CTHT/CTOC 

C  331*  COHPUTE  F»*FHIU*FTHT 

34#*  COHPUTE  AH*AH21NATHT 

35#*  COHFU'E  CH*CHWCTHT 

(  34#*  COHPUTE  FH*FH2U/FHIH 

37#*  COHPUTE  M.AH2U/ARTH 

38#*  COHPUTE  CH*CH2U/CH1H 

(.  34#*  FACTOR  VAR;AK.ES*F»,AH.CH/TTPE.PA1/ 

4M>  ROTATE'OUARTIHAI/ 

41#*  VARIAtl£$>Fr.AA.C:mPE>PAW 

r  42«>  ROTATE  *8UARTIRAI/ 

434*  VARIAIU$*FH.HRiCH/TTPE*PA1/ 

44#*  ROTATE’OUARTIHAI/ 

C  45#*  VAR!AHES*FH.AH.CH.FH.NHiCH/TTPE*PA1/ 

44#*  ROTATE’OUARTIHAI/ 

47«>  OPTIONS  5 

(  48#*  STATISTICS  AU. 

49#*  REAR  INPUT  DATA 
5M> 

(  St#*  «MS3I(#  CH  KECCl  FOR  FACTOR 

521* 

531*  EDO  OF  PILE  OR  Tlli  0A2 

0  54#*  INTER  REAIIRG  4  CASES  FROH  SUBFILE  HORAHE 

55#*1FACT0R  AHAITSIS  13/22/82  15.18.55.  PACE 

SA#* 

0  571*  PILE  -  HORAHE  I CREATES  -  13/22/82) 


O  AM*  9HRIAHE  HUH 

ill* 

A2f*  PI  24959.3751 

O  43#*  AR  lTSn.lHR 

44#*  Cl  S3#14,4#f» 

4S#*1FACT0R  MMLTSIS 
O  441* 

471*  FILE  •  HORAHE  t CREATES  - 


STAWARB  DEV  CASES 

4112. 7191  4 

9271.5710  4 

31944.1497  4 

83/22/ 12  15. 11.55.  PRGE 

mum) 


O 

0 


4M* 

49#* 

7##*  COHKLATIOH  C0EFF1CIUTS.. 
71#* 

72#* 

731*  _ _ 


184 


74#* 

C  75#*  Fit  M  C* 

74#* 

77#*  FN  l.H##t  .434##  .51375 

(■  79#*  M  .434##  I. mti  -.13742 

74#*  Cl  .31375  -.#3742  t.M#«« 

_  8#(*1FACT0R  ANLTSIS  #3/22/82  15.11.55.  FACE  4 

-  £  »ii* 

m*  FILE  •  IONA*  (CREATED  -  13/22/92) 

» 

C  84#* 

n«* 


O  (71*  MR1A8LE  ES7  QMWMLIT1  FACTOR  EICON  ALOE  PCT  CUD  PCT 


94#*  FI  l.#(#H  I  1.45541  55.2  55.2 

O  4##*  M  I.#####  2  1.(3741  34.4  84.8 

41#*  Cl  I.#####  3  .31718  11.2  lll.t 

42#* 1 FACTOR  UAL ISIS  (3/22/82  15.18.55.  PACE  5 

C  43#* 

44#*  FILE  -  DOMIC  (CREATES  -  #3/22/82) 

45#* 

C  44#* 

978*  FACTOR  MATRIX  US18C  PRINCIPAL  FACTOR)  10  ITERATIONS 
48#* 

C  44#= 

1###* 

111#* 

(  1121=  FACTOR  1  FACTOR  2 

1131* 

1#4#*  FI  .42228  .##938 

1(5#>  AN  .57343  .77488 

1(4#>  Cl  .48474  -.45842 

1171* 

1(81* 

1#4#* 

11##* 

(  111#*  VARIA8LE  COMUMLITT 

112#* 

113#*  FI  .85148 

C  114#*  M  .43254 

115#*  Cl  .4*455 

U4#*1FACT0R  MALISIS  #3/22/82  15.18.55.  PACE  4 

O  117#* 

118#*  FILE  -  NONAS  I CREATES  -  13/22/82) 

114#* 

.  O  12##* 

1211*  9MRTIIAI  ROTATES  FACTOR  MTRII 
»  1229*  AFTER  ROTATION  KITH  KAISER  NORNALIZATION 

O  123#* 

UM> 

12»  ' 

<1  12tf* 

i  ID#*  FACTOR  1  FACTOR  2 

12V*  •' 


124#*  Fl’  .74235 

13##*  AN  .HIM 

Uli*  CN  .4(475 

1321* 

133#* 

134#* 

135#* 

134#*  TRAKFORRATIOI  MTRII 


1171* 


.1311* 


.54735 

.44545 

-.13(30 


134#*_ 


185 


L 

C 


o 

1538* 

1548* 

1558* 

FACTOR  1 

FACTOR  2 

o 

1541* 

1578*  cr 

,4*fc«7 

.22208 

1588*  AN 

• . 1572s 

.21382 

t 

1598*  CR 

.'•9*1 

-.27894 

(' 


c: 

r 

C 

C 

c 

o 

9 

o 


»88« 

All* 

*a» 

431*  'ACTjK  :  .81184 

448s  'ACTOR  :  -.5S523 

458*'.?AIT3R  ARALISTS 


FACTOR  1  FACTOR  2 


.S8520 

.81184 


•3/22/82  15.18.05. 


47l«  FILE  -  RORARE  I  CREATED  -  83/22/82) 


488* 

*88=  -ACTOR 

.51** 


toe":::-*': 


418s 

418*  ERROR  MASER..  843.  PROCESSIRC  CEASES.  ERROR  SCAR  CORTIRUES. 
428* 

438* 

448*  CPU  TIRE  RE8USREC..  .1848  SECONDS 
458* 

448* 

478= 

488* 

498* 

718* 

718* 

728* 

738* 

748* 

758* 

748* 

.778*  TOTAL  CPU  TIRE  USED.. 

788* 

798* 

888* 

818* 

821*  RUI  COMPLETES 
838* 

.848*  MAKER  OF  CONTROL  CARDS  READ  27 
851*  MASER  OF  ERRORS  DETECTED  1 
848*8 


ERROR  StAIUWI 


ERROR  MIRIER..  843 

VARIABLE  RARE  OR  SU8SE8UERT  VAR1A8LES  LIST  IS  ROT 
ircljded  :r  THE  FIRST  variables  list 


.1781  SECONDS 


»AGE 


186 


c 


..o.n: 

..LiA 


c. 

L 

c 

o 

o 

c 

(. 

( 


c 


l#f=RUR  RARE  FACTOR  AMUSES 
INVARIABLE  LIST  FTliTiFAZU.FAXRiFT0CiATUT.AR2U 
121=  ARIA.ATOC.CTUT.CRZUiCRIAiCTOC 

ut-  ff.aa, cc.fr.aa.cr.fr, ar.cr 


144=IAPUT  FORAAT 
is4*:apct  ncc:cm 
I44.-R  OF  OASES 
i74*corpute 
uwawTE 
i94=oiapvte 

2IB=C*PUTE 

21««COWTE 

za^camiTE 

E3|tC0WtrE 

m=com:t 

25#=C0RPUTE 

2*#=FACT0R 

27l« 

281. 

298= 

314= 

311= 

321= 

331= 

3*1= 

351= 


FREEFlELi 

S3SK 

UAKACM 

FF»FTUT/FTOC 

AA«ATUT/ATOC 

CC=CTUT/CTOC 

fa*frzu«ftvt 

AA=AA2U4ATUT 

CR*CRZU«CTIT 

FA=FA2U/FAIA 

NR=A*2U/ARIR 

CA=CKZU/CAJA 

VARIABLES*  ft«T  TO  CT0C/TTPE=PA1/ 
ROTATE  iflUMTtR*!/ 
vaiiia8l£S=fn.»ii.c«/ttre=pai; 

ROTATE  >tUMTIMl/ 
VARtA8LE$=fF.AA.CC/T1PE«PAl/ 

ROTATE =0U4RTIAAI/ 
VARIA8L£S=FA.KA.CR/TTP£=PAI/ 

ROTATE  <0UMTtmi; 

VARIABIES=FR.A«.CII.FR, NA.CAFT1PE.PAI/ 

rotate=ouart;rai/ 


3a#=opt;»  8 

JPWWTISTICS  ALL 

384=REA0  INPUT  DATA 


..SAVE.FA2.AiO 


..REPLACE .F*2. 10=0020 

LE  RARE  FA2  HAS  BEER  REPLACE!! 

..ES17.M2.S 


..L.A 


C  144*2444  12.75  2.4  41914  3*92  4.1  1.1  73MI  33712  3.75  .8*  7194*4  Mllltlll 
111=3115  9.75  2.3  5*H«  2IM  9.75  .  8*  44*2*  147H  3.75  .5  28*4*4  *  *  4  *  4  *  *  *  * 
124=2394  11  2,5  725**  2*4*  11  .54  5*4*4  14312  3.75  .  8*  3231*4  *****  4  *  *  * 

O  134=145*  11  2.1  33tM  17(3  K.5  .  95  31B73  1134*  3.*  .88  3*484*  •((*(*«(( 
144=21(4  9.4  .  95  25*4*  1472  1.(5  .  93  2f*(*  8797  3.9  .  54  1242444  ********* 
154=2*31  11.5  1.)  3127*  2959  7.3  1.8  *2953  3729  3.9  .53  554M  8  (  (  8  f  «  •  i  « 

O  ..REUMB>SPSS,M2>FA2 
..FILES 
OCAL  FILES— 

O  M2  FA2  BCOOUT  (INPUT  (OUTPUT 
Vtt 

..8PSS>B=M2tl=FA2iLCHWViL=Ul>RR 

9  ns  cmm 

.•anAii.s 


0 

141=1 

U4=S 

124= 

43/22/42  14.42.32.  PACE 

0 

134= 

VOCELMQt  C0HPVTIK  COfTES 

144= 

ntTWCSTEM  MIVEK1TT 

o 

154= 

1*4= 

S  P  8  8  •  •  STATISTICAL  PACXME  FOR  THE  SOCIAL  SCIENCES 

174= 

187 


(  UI»M  OF  CASES  UMKM09N 

i70*conpiite  FF»nwr/rroe 

IM'CffllPOTE  RR.RTHTVAT04 

'  19#*CO»in£  CC*CTHT /CTOS 

2IR*CONPllTE  F*»FMZlHFTy7 

:i#»CO*VTE  AN*A«ZU*ATHT 

C  E2»*COAPUTE  CM.CMZUrfTHT 

:s»*am7£  fn*fhu/fhin 

JAR*COAf’UTE  **RHU/AM1H 

0  25I*C0NPUTE  CN*CUU/CNM 

m*MCT«  VRR!A0LES*FH,NM.CIITT1PE*PA1/ 

M-  ROTATErfURRTlNRl/ 

O  3W>  VRR!Rll£S*FM.RN.CM.FN.ItN,CN/TTPt*PAU 

31A*  R07ATE*0URRTINR1/ 

3»*option$  S 

( 3  33R*STRTIST!CS  AU. 

341-REAC  I  (PUT  DATA 
, .SAUE.FAliNiO 
C  ..RETURN .91 

..REHINt.SPSS.DAZ.FAl 

..SPSS.O- 

I  PARAMETER  OR  SPSS  CALL 
SPSS  ERRORS 

.  .SPSS<8*DA2 .1*FA1 .10>AIRV  iL*Ml  .NR 

PSS  ERRORS 

..ESIT.Ul.S 


(. 

V 

c 


LiA 


c 

o 

• 

o 


1  Q 


o 

io 


100*1 

111*$ 

III' 

13*» 

!44* 

ISO* 

UR* 

17#- 

IRR* 


nm/tt  15.34.31.  PACE 

VOCELMCX  C9RPUTIK  CENTER 
•OR TRUES TER*  UHVEASITT 

SPSS-*  STATISTICAL  PACKRCE  FOR  THE  SKIRL  SCIENCES 
VERSION  8.1  ••  JUK  18.  1478 


'OR*  Mi  MRS 

FACTOR  ANALTSIS 

241*  VANIAILE  LIST 

rTUT.FHUrfMIM.FT9C.ATUT.RnU. 

OR* 

AnM.RTOCiCTHT.CHU.CnM.CTK. 

24R* 

FF.RR.CC.FH.RMrfM.FM.MM.CM 

Z7f*  INPUT  FtMMT 

FKfflEL* 

2w  mm  mum 

UK 

at*  a  or  am 

300*  COMPUTE 

FFrfTHT/FTK 

31#-  COMPUTE 

AMTHT/ATK 

S*>  COMTE 

CC*CTHT/CTK 

33R*  COMPUTE 

FNrfHWFTHT 

34R*  COMPUTE 

MMHOHTHT 

(_ 

c 

L 

C 


:-6#=  ::«•  jte 
371=  CONFUTE 

:m*  c3b*"jtx 

34«=  PKTOS 


«;#= 

«:#» 

43#=  3PTIOWS 
44#>  STATISTICS 

45#*  READ  [MW 


c»«ccwcTyT 

FN»fNZU/FNlN 

MhANZU/MIN 

CM>CMSi/cnnt 

VA8IAILES.FR.NR.CR/TTPE.PA1  t 
ROTATE  *OUARTIHAl/ 

VARIA8LES*FN>AN.CN.FN.NN.CN/TTPE»PA1/ 

R0TATE=8UART1NAI/ 

5 

ALL 


o 

o 

c 

( 

( 

< 


c 


o 

o 


i 

i 

i 


o 

o 


47#.  MfJ3lM  CN  NEEDED  FOR  FACTOR 

*» 

44#*  OD  OF  f;c£  ON  FILE  DAE 

SI*.  AFTER  READ IK  6  CASES  FRO"  SUBFILE  NONANE 


SK.1FACT0R  ANALTSIS 
52#> 

53#=  FILE  •  NONANE 
54#= 

55#= 

(CREATED  - 

(3/22/32) 

(3/22/82 

15.34.3#.  FACE  I 

56#=  variable; 

57#= 

NEAR 

STANDARD  DEV 

CASES 

58#=  FN 

6.5272 

2.7336 

6 

59#=  NN 

8.615* 

7.:#i5 

6 

6##=  a 

6t#=lFACT'3R  ANALTSIS 

5. me 

1.2517 

6 

#3/22/82 

15.34.31.  PACE  3 

62#* 

63#=  FILE  -  NONANE  (CREATED  -  43/22/82J 

64#« 

65#= 

44#.  CORRELATION  COEFFICIENTS. . 

47#. 

68#* 

64«* 

7##= 


71#* 

FN 

NR 

CN 

72#. 

73#=  FN 

1 .##### 

-.7*114 

.56838 

74#*  NR 

-.7*119 

1  .HIM 

-.43349 

75#"  CN 

.56838 

-.43344 

1.18881 

76#>1FACT0R  ANALTSIS 

13/22 

77#« 

78#*  FILE  -  NONMC 

(CREATED 

-  #3/22/82) 

74#* 

a##. 

81#* 

821= 


838*  miHtf  EST  CONMMLITT 

FACTOR 

EIGENVALUE 

PCT 

CUN  PCT 

84#= 

O*  FN 

1.88*8# 

l 

2.14271 

71.4 

71.4 

«•>« 

l.H#f# 

2 

.58267 

14.4 

48.8 

*7*.  a 

].##### 

3 

.27462 

4.2 

188.8 

M*incrat  WALTSis  #3/22/82  13.34.3*.  race  s 

Rtf.  FOE  -  NONANE  (CREATE!  -  #3/22/32) 

41#* 

«. 

43t*  FACTOR  MTRU  USIK  PRMCIPAl  FACTOR.  Ml  ITERATIORS 


) 

44*. 

1 

45#> 

'  o 

461* 

t 

i 

47*» 

4#8> 

FACTOR  1 

c 

448. 
t(d>  FN 

.4(642 

189 


.7”*  S 


1M> 

:m« 

1171-  VARIABLE  C0NAUNAL1T7 

1184- 

1444=  74  .82154 

1144*  «*  .72255 

Ull*  CA  .54858 

1124* 

1134* 

1144*  WNSES  Of  faCTOBS  IS  .-ESS  ’HAN  TilC 

its#*  p«oc£Ss:mc  ooatiiwes  BTPasiiw  ;;«;;ck 

1144* 

1174MFACT0*  ANAlISIS  13/22/62  15.3«.3I. 

1184* 

1144*  FILE  -  NONA*  (CREATED  -  13/22/82) 

12*4= 

1214* 

1224=  FACTOR  SCORE  COEFFICIEWTS 
1234= 

1244= 

1254= 

1241= 

1274=  FACTO*  1 

1284= 

1244=  FA  .42312 

1344=  M  -.34471 

1314=  CR  .34117 

1324= 

1334*  ERROR  4UA8ER..  843.  PRQCESSINC  CEASES.  ERROR  SOW  CONTINUES. 
1344= 

1354= 

1344=  CPU  71*  REQUIRED..  .1431  SECOROS 
1371= 

1384* 

1344= 

1444* 

1414 . ERROR  SWHART . 

1424* 

1434= 

1444* 

1454=  ERROR  AURIER..  843 

1444*  VARIABLE  RARE  OR  SUISEOUEAT  VARIABLES  LIST  IS  ROT 

1474*  INCLUDED  IN  THE  FIRST  VARIABLES  LIST 

1484* 

1444*  TOTAL  CPU  TIRE  USED..  .1424  SECONDS 
1544* 

1514* 

1521* 

1534* 

1544*  M  CONPLETEJ 

1554* 

1544*  WAVER  OF  CONTROL  CARDS  REM  23 
1574*  WINDER  OF  ERRORS  DETECTED  1 
15*4*5 


ERROR  WNBER..  843 

VARIABLE  RARE  ON  SUBSEQUENT  VARIABLES  LIST  IS  HT 
INCLUDED  IN  THE  FIRST  VARIABLES  LIST 


.1421  SECONDS 
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